**845. The RETRACT Vector: A Novel Retroviral Vector Encoding a REverse TRanscription-ACtivated Transgene**

J. Douglas Burke\*†, R. Michael Blaese†‡, John C. Morris\*†

\**Metabolism Branch, NCI, Bethesda, MD 20892*

†*Clinical Gene Therapy Branch, NHGRI, Bethesda, MD 20892*
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Viral gene transfer vectors have served as indispensable tools for the study of gene expression and have proven useful for gene therapy applications. Modified Moloney murine leukemia retroviral vectors have been extensively utilized for this purpose, owing to their ability to stably transfer the gene of interest to target cells. However, a major limitation to the use of these vectors is the relative inability to generate stable retroviral vector producer cells (VPC\'s) capable of transferring genes encoding proteins toxic to the cells. Strategies to overcome this problem utilizing tissue specific or inducible promoters have exhibited some degree of "leakiness." We generated a novel Moloney-based retroviral vector (RETRACT) that precludes expression of an encoded potentially toxic transgene in the vector producer cells, thereby permitting the production of stable VPC lines, but allowing for significant transgene expression in target cells. The RETRACT vector was generated by cloning the cDNA of interest upstream of the viral 3' LTR or in the U3 region of the 3' LTR in reverse orientation relative to the viral transcriptional unit. Placement of a strong exogenous promoter in reverse orientation at the R-U5 transition of the viral 5' LTR precluded expression of the transgene in the VPC\'s. Upon transduction of target cells, reverse transcription of the vector RNA copies this promoter to the 3' LTR, where it then drives expression of the reverse oriented transgene. We tested this system using GFP as marker gene and the SV40 promoter to drive its expression. By flow cytometry, GFP expression was not detectable in the PG13-RETRACT vector producer cells. Significant fluorescence was seen in TE671 target cells transduced with viral supernatant from the RETRACT VPC\'s. Northern analysis using a GFP-specific probe of both the producer and the target cells demonstrated a GFP-encoding transcript only in the TE671 target cells corresponding in size to one that would be expected when the GFP was driven by the copied SV40 promoter. We conclude the RETRACT vector restricts transgene expression to target cells with no expression observed in its VPC\'s. The RETRACT vector should allow the generation of stable retroviral VPC\'s that produce vectors encoding cytotoxic genes. This quality should be especially useful in cancer "suicide" gene therapy where implanted VPC\'s may be protected from the toxic effects of their own transgene and allow for multiple cycles of prodrug treatment without having to be reapplied to residual tumor.

**846. Development of a Retroviral Vector with the Thymidine Kinase and T-antigen Genes as a Tool for the Controlled Expansion of Cultured Primary Cells**

Fernando Siller-Lopez\*, Oleg Barski†, Cory Allen\*, Xuwei Xu\*, Felipe Amaya\*, Arun Rajan‡, Estuardo Aguilar-Cordova\*§

\**Center for Cell and Gene Therapy, Texas Childrens Cancer Center, Baylor College of Medicine, Houston, Texas.*

*†The Harry B & Aileen Gordon Diabetes Research Laboratory, Texas Childrens Cancer Center, Baylor College of Medicine, Houston, Texas.*

‡*Department of Medicine-Gastroenterology, Baylor College of Medicine, Houston, Texas.*

§*Department of Pediatrics, Texas Childrens Cancer Center, Baylor College of Medicine, Houston, Texas.*

In vitro cell expansion of primary cells is difficult to obtain as a widespread alternative for cell and tissue transplantation or experimental purposes. The introduction of a specific tumoral antigen (large T-antigen from SV40) to these cells can overcome this limitation. However, once the desired number of cells are obtained, a system is needed to eliminate this mitogenic antigen which could lead to malignancy. We used the Cre-lox system to allow excision of a gene flanked by loxP sites after the action of a Cre recombinase expressed by an adenoviral vector (AdCre). A second safety feature was provided by incorporation of the herpes simple thymidine kinase (TK) gene in the retroviral construct allowing the use of the pro-toxic drug ganciclovir to eliminate any remnant TK T-antigen (T-ag) expressing cells. AM12-packaging cells were stably transfected with a pS3 retroviral plasmid containing the T-ag and TK genes regulated by a dual aldehyde reductase (AR) promoter and flanked by loxP sites. pS3-GFP-lox retroviral plasmid was used as a control of Cre activity. Supernatants of retroviral producing cells were used for transduction of Hela cells. At 48 h after transduction, cells were infected with AdCre and 48 h later evaluated for the expression of GFP or TK and T-ag. Hela cells transduced with this retrovirus expressed the mRNA for TK and T-ag genes. In pS3-GFPlox -transduced Hela cells, a decrease of 49.6% in GFP-positive cells was observed after the transduction with AdCre compared with non-AdCre exposed cells. The concomitant mRNA expression of TK and T-ag in the transfected packaging cell line demonstrates the dual ability of the AR promoter to direct the expression of both genes in the engineered retroviral construct. Although a substantial decrease in the expression of GFP was demonstrated in transduced cells after the activity of Cre recombinase, an additional safety mechanism is necessary if this strategy is to be proposed for clinical applications. The unique safety features of the constructed T-ag retroviral vector (Cre-lox excision and thymidine kinase-suicide expression) will allow use of this strategy as a tool for in vitro primary cell expansion for experimental research and cell transplantation.

**847. Molecular Mechanism for Ganciclovir Resistance Mediated By Retroviral Vectors Containing the Herpes Simplex Virus-Thymidine Kinase Gene**

M.I. Garin, E.P. Garrett, J.V. Melo, J.F. Apperley

*Department of Haematology, Imperial College School of Medicine, Hammersmith Hospital, London, U.K.*

The Herpes simplex virus thymidine kinase gene (HSV-tk), one of the most widely used genes in suicide gene therapy, encodes an enzyme able to convert prodrugs such as ganciclovir (GCV) into cytotoxic metabolites. Recently, HSV-tk transduced donor T-lymphocytes allowed the modulation of alloreactivity following allogeneic haemopoietic stem cell transplantation. Despite the promising results reported, resistance to GCV-mediated depletion of transduced donor T-cells was also observed. To study the mechanisms participating in the GCV resistance of HSV-tk transduced cells, two human lymphoblastoid cell lines, CEM anf Jurkat cells, were transduced with a retroviral vector containing the HSV-tk gene and the low affinity nerve growth factor receptor gene (LNGFR) which acts as a selectable marker. The expression of the transgenes was analysed in clones derived from transduced CEM and Jurkat cells. In both instances, GCV-resistant clones were identified within the clones expressing the LNGFR gene. By Southern blot a truncated integrated provirus was observed. PCR analysis revealed that the molecular events occurred only in the HSV-tk gene sequence of the provirus. Sequencing analysis showed that the short form of the HSV-tk gene resulted from a 227bp deletion due to the presence of a cryptic splice donor site and cryptic splice acceptor site within the vector sequence. The deletion in the HSV-tk gene was also identified in transduced human primary T-cells. These findings have important implications for the clinical use of the HSV-tk/GCV system in suicide gene therapy, particularly in cases where the bystander-effect cannot compensate for the faulty expression of the HSV-tk gene in a small subset of cells. Presently, we are modifying the wildtype sequence of the HSV-tk gene to remove the cryptic splice sites. This strategy will allow the development of an improved HSV-tk gene to ensure optimal killing of all HSV-tk transduced cells.

**848. Distribution of Systemically Delivered Retrovirus Vector and Characterization of Uptake into Tissue Culture Cells**

Cellia Habita\*, Jong Ho Park†, Theodore Friedmann\*

\**Center for Molecular Genetics, UCSD School of Medicine, La Jolla, CA 92093,*

†*Dept. of Thoracic Surgery, Korea Cancer Center Hospital, Seoul, Korea*

The eventual efficient and safe delivery of vectors in gene therapy settings will require extensive understanding of the in vivo fate of gene transfer vectors and their mechanisms of infection of target cells. We have been examining methods for visualization of retrovirus vectors through the incorporation of the fluorescent marker PKH26 that binds tightly in the lipid bilayer of mammalian cells and viruses that bud from cells. After intravenous delivery of a VSV-G-pseudotyped form of the PKH26-coupled retrovirus vector LZRNL, a Moloney MLV-based retrovirus vector that expresses the bacterial lacZ genes, vector is rapidly cleared from the circulation and appears in several organs, particularly the liver, spleen and kidney. In the liver, fluorescence is found in most hepatocytes by digital confocal microscopy but lacZ gene expression is found in a far smaller percentage of hepatocytes. We are further characterizing the relationship between efficiency of infection and the uptake of PKH26-labeled infectious and non-infectious virus particles in vitro by digital confocal microscopy.

**849. Targeting Retrovirus Replication to Prostate Tumors**

Aki Logg\*†, Christopher Logg†‡, Robert J. Matusik¶, Bernard H. Bochner§, Nori Kasahara\*†‡

*\*Department of Biochemistry and Molecular Biology,*

*†Institute for Genetic Medicine,*

*‡Department of Pathology,*

§*Department of Urology, University of Southern California School of Medicine*

¶*Departments of Urologic Surgery and Cell Biology, Vanderbilt University School of Medicine*

Hitherto, the inability of standard replication-defective retroviral vectors to achieve effective transduction of tumors *in vivo*has been a major obstacle to gene therapy for cancer. The use of replication-competent retroviral vectors would be more efficient, as each tumor cell that is transduced by the vector would itself become a vector-producing cell. We have previously described a replication-competent vector derived from murine leukemia virus that is capable of transducing solid tumors *in* vivowith very high efficiency. The use of such a vector as a therapeutic agent, however, would not be feasible unless there were some means to confine its replication to targeted tissues. The U3 region of the murine leukemia virus (MLV) long terminal repeat (LTR) contains the enhancer and promoter sequences for transcription of the provirus from the 5' LTR. We have replaced these sequences in the replication-competent retroviral vector with those from the prostate-specific probasin promoter to target viral replication to prostate tumor cells. The viral enhancer/promoter sequences up to the CAAT box, TATA box or R region were substituted with approximately 400 bp from the proximal probasin promoter. Replacement of the viral sequences up to the R region were found to strongly inhibit viral replication, whereas replacement up to the CAAT box resulted in a vector with only moderate cell type specificity. Retention of the retroviral TATA box in the probasin-targeted vector, however, allowed replication to high titers with a high degree of specificity for prostate epithelial cells. Our results demonstrate the feasibility of targeting retroviral spread using hybrid viral-cellular promoters.

**850. Episomal Vectors for the Rapid and Stable Production of High-titer Retroviral Stocks**

Pierre-A. Moisset\*, Philippe Campeau\*, Pierre Chapdelaine\*, Armin Baiker†, Hans-Joachim Lipps†, Jacques P. Tremblay\*

\**Human Genetics, CHUL Research Center, Laval University, Qc, Canada*

†*Institut für Zellbiologie, Universität Witten/Herdecke, Germany*

Recombinant retroviruses are attracting tools in many gene therapy applications because of their ability to stably integrate the host genome and their relatively low immunogenicity. However, the production of large quantities of high-titer retrovirus is a tedious task, often requiring the isolation and caracterization of stably transfected producing cell lines. On the other hand, small volumes of high-titer viruses are easily obtained by transient transfection of the same producing cell lines. However, this latter approach calls for repetitive transfections which can individually vary and limit the overall success of the procedure. We thus combined the advantages of both methods by using an episomal replicating retroviral vector. Similar approaches, mainly based on the human Epstein-Barr virus replication system, were studied by another research team (Kinsella and Nolan, Hum. Gene Ther., 1996). However, this replication system was found to be unstable in our hands with a progressive loss of vector with cell divisions. This was mainly attributed to an insufficient expression of the EBNA-1 protein. Although transgene expression was lost at a slower rate in EBNA-based vectors than in normal vectors, we found that an episomal vector containing the SV40 origin of replication and a chromosomal scaffold matrix attached region (S/MAR) was much more efficient. In that context, we thus constructed a retroviral producer system which contains the enhanced fluorescent green protein (EGFP) for a rapid screening of most packaging cell lines, the MoMLV 5' and 3' LTRs with or without an internal CMV promoter, a neomycin resistance gene and the S/MAR from the human interferon β gene (Piechaczek et al., Nucleic Acids Res, 1999). Our vectors are constructed with the DNA coding for neomycin resistance and EGFP outside of the LTRs. This will prevent it to be packaged into the virions, meaning that the target cells will be devoid of proteins that could be potentially immunogenic in vivo applications. This work thus describes a promising procedure for the rapid and stable production of high-titer retrovirus stocks.

**851. Retrovirus Molecular Conjugates: Improved Transduction Efficiency of Retrovirus Gene Transfer System**

Paul Schwarzenberger, Qui Zhong, Jay K. Kolls

*Gene Therapy Program, Louisiana State University Health Science Center, New Orleans, LA*

The use of recombinant viral vectors for gene transfer is limited by the natural tropism of the virus. To overcome this barrier, retargeting strategies have been developed to divert vector entry through alternative receptors such as transferrin, integrin or heparan by using the corresponding ligands as targeting entity. We have previously reported enhanced adenovirus gene transfer by formation of transferrin-polylysine molecular conglomerates (J Virol 1997 Nov;71(11):8563-71). Polycations such as polybrene are employed to nonspecifically enhance uptake of retrovirus if used during the infection. We synthesized retrovirus polylysine molecular conglomerates (Ret-PL) using biotin streptavidin linkage technology. Here we show that formation of Ret-PL substantially increases the uptake and transduction efficiency of amphotropic retrovirus in different human and murine cell lines. LacZ positive single cell clones were analyzed for integration of the LacZ transgene by quantitative PCR and Southern Blot. Transgene frequency was determined to be 1 copy per cell.
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**852. Generation of MLV-based Pseudotype Vectors for the Transduction of Human T Cells Using SIVagm-derived Envelope Mutants with Altered Tropism**

Klaus Cichutek, Stefanie Steidl, Renate König, Isabel Schmitt, Matthias Schweizer, Jörn Stitz

*Department of Medical Biotechnology, Paul-Ehrlich-Institut, Paul-Ehrlich-Str. 51-59, 63225 Langen, Germany*

CD4+ T-cells are possible targets for future gene therapies against disorders of the immune system, e.g. adenosine deaminase deficiency (ADA) and AIDS, or against T-cell-lymphomas. We have previously reported the generation of \[MLV(SIVagm)\] vectors which selectively transduce human CD4+ T-cells (Stitz et al., Virology (2000), in press). \[MLV(SIVagm)\] vectors are resistant against neutralisation by HIV-1 -specific antibodies and may thus allow in vivo application in HIV-1 seropositive patients.

Beside CD4 these \[MLV(SIVagm)\] vectors use CCR5 and Bonzo as coreceptors. As the majority of human CD4+ T-cells are CXCR4 positive (50-95 %), and only \<15% express CCR5, we intended to enhance T-cell transduction efficiency by generating \[MLV(SIVagm)\] vectors utilizing the coreceptor CXCR4. This was achieved by exchanging the V3-loop sequence within the surface envelope glycoprotein (SU) encoding construct by the homologous env gene region of a T-cell tropic HIV-1 variant. The resulting \[MLV(SIVagm-X4)\] vectors were shown to specifically transduce CD4+/CXCR4+ cells. This demonstrates the functional equivalency of the V3-loop of SIVagm with that of HIV-1. Specific gene transfer into primary human CD4+ T-cells is being tested.

Supported by grant \#031171 of the BMBF.

**853. A Series of Retroviral Vectors Derived from FB29 Highly Titrating Strain of Friend-Murine Leukemia Virus and Their Application for the Transduction of Human Primary Cells**

Odile Cohen-Haguenauer\*, Michel Masset†, Luz-Marina Restrepo†, Emmanuelle Carteau†, Nicolas Dumey†, Michel Marty\*, Michel Boiron‡

\**Laboratoire TGOM and Dpt of Medical Oncology, Hospital Saint-louis, Paris, France*
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Retrovirus vectors available so far do not show sufficiently high virus titers. The FB29 strain of Fr-MuLV exhibits charateristics which led us derive the defective retroviral vector FOCH29. The latter showed increased packaging and interesting expression of genes of interest. In fact, high titers producer clones could be generated, in the absence of replication competent particles. In order to improve expression and safety parameters of FOCH backbone, two derivative constructs were tested : (i) pFOCHmut-Gag with a nonsense mutation close to Gag-ATG. and (ii) FOCHA which assembles features of interest mapping to the FB29-LTR enhancer, the 5' leader and 3\'UTR. Also, expression of the cDNA of interest is initiated off a spliced sub-genomic RNA like with MFG vector, derived from Mo-MuLV. When compared to the reference vector MFG, one order of magnitude increase in titers could be evidenced. Titers were compared following : (i) bulk transfection of packaging cells and (ii) on a series of producer clones generated in parallel. The use of two different amphotropic packaging cell-lines, either derived from murine (Psi-CRIP) or human cells (TE-FLY-A & GA, kindly forwarded by F. L. Cosset), resulted in similar data. MFG-based virus supernatants generated in parallel experiments reached 107 cfu/ml at most while highly titrating FOCHA producer clones over 108 cfu/ml were obtained. This holds true with a variety of reporter genes : GFP, NEO and a NEO-IRES-CD24 bicistronic cassette. Titers were measured on three different cell-lines, i.e., NIH3T3 (murine), DOGOM (dog foetal primary fibroblasts) and TE-671 (human cells). We then tested infection and expression properties of FOCH vector in a variety of human cell lines including : (i) Lymphoblastoid- & T-cell lines, in which FOCH favourably compares to MFG ; (ii) carcinoma cell lines : colon, pancreas, breast, lung, prostate and bladder ; (iii) glioblastoma and glial and Schwann cell-lines. We then have shown that FOCHA mediates sustained expression in a variety of human primary cells : (i) haematopoietic progenitors from CB, BM & PB in long term cultures, (ii) primary activated T-lymphocytes, (iii) oligodendrocytes (CNS), (iv) fibroblasts and (v) keratinocytes & epithelial (urothelial & lung) cells. We have delineated features which make the FOCH-series of vectors candidates for improved (i) transduction, based on high virus titers and (ii) sustained expression, in a variety of target cells.

**854. High-titer Retrovirus Vectors Transcriptionally Targeted to, and Inducible in, Epithelial Cells in View of *In Vivo* Application in Carcinoma Cells**

Michel Masset\*, Hanna Dams†, Jean-Francois Bedel\*, Nicolas Dumey\*, Michel Marty‡, Odile Cohen-Haguenauer\*

\**Laboratoire Transfert Genetique et Oncologie Moleculaire (TGOM), IUH, Hospital Saint-Louis, Paris, France*
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We have previously evaluated the feasibility of in vivo gene transfer of defective retrovirus particles in directly infusing supernatant into dog bladder (Dumey et al, 1998 and submitted) in vue of therapeutic gene transfer in superficial bladder tumours ; using clinically relevant procedures. This canine animal model was chosen since spontaneous carcinomas mimicking human pathology are observed. In this preliminary study, preferential transduction of actively growing malignant cells was evidenced (range : 0.5 to 10% cells transduced). The next step consisted in designing vectors better addressing tumour cells in order to : (i) increase transduction efficiency ; (ii) secure sufficient and stable expression level of potential therapeutic coumpounds in urothelial cells and (iii) improve safety in preventing undesirable expression in non target cells. SIN derivatives of FOCHA vector initially developed in our Lab were constructed. An extensive deletion of U3-sequences which removes both CAAT & TATA box was introduced. LTR regulatory elements have further been replaced by defined, EGF-responsive sequences of the upstream-enhancer and promoter (600 bp in total) of EGF-R (the expression of which is increased in bladder carcinoma). Producer clones have been derived from human TE-FLY-A and -GA cells (kindly forwarded by F.L. Cosset) producing either Ampho (106 cfu/ml) or GALV (105 cfu/ml) pseudotyped particles. Expression driven off this construct was shown to be : (i) EGF-inducible in cultures of primary keratinocytes or fibroblasts ; (ii) constitutive in a panel of human carcinoma cell-lines : colon, pancreas, breast, lung, prostate and bladder ; (iii) higher -in some carcinoma -- as compared to native-LTR ; (iv) present at a low level in a human glioblastoma-line.

**855. Retovirus-mediated Delivery of HPV 16 E7 Antisense RNA-Inhibited Tumorigenicity of CaSki Cells**

CK Choo\*, MT Ling†, CKM Suen\*, KW Chan†, YL Kwong\*
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The basis of many diseases is rooted at the genetic level, hence treatment at the molecular level is an attractive proposal for both acquired and inherited diseases. The feasibility of gene therapy has remained a laboratory hypothesis to this day and has yet to enter into the routine practice of patient care. While a great variety of genes have shown potential in the treatment of human diseases, none has resulted in clinical improvement. One of the main obstacles of gene therapy is our inability to deliver the genes specifically to the target sites. As a result, either insignificant levels of gene delivery are achieved, or when appreciable levels of gene delivery are achieved, the delivery is usually nonspecific and accompanied by unacceptable side effects and biological hazards

The unintended consequences of non-specific gene delivery can be circumvented if the chosen target for antisense attack is an acquired genetic material, such as a viral sequence, and not a somatic gene. Targeting acquired genes has been proposed for diseases associated with infectious agents, and some cancers fall into this category as well. In this study, we use antisense RNA to knock out an oncogene carried by human papillomavirus 16 (HPV16) in CaSki cells, one of the best studied of the cervical cancer cell lines. Antisense constructs are small and generally do not code for any known biological activities in the host, and, so far, antisense gene therapy has proven to be free of unacceptable side effects.

High-risk human papillomavirus (HPV) genes, expressed solely in cancerous cervical cancer cells and have been proposed to be the most important etiological factors for cervical cancer thus making them suitable targets for gene therapy. In this study, we used retrovirus-mediated gene delivery to stably transfer an antisense HPV16 E7 construct into CaSki tumor ex vivo. We have documented that the delivery of the antisense gene construct resulted in the reduction of HPV16 E7 protein expression and cell proliferation in CaSki cells. Furthermore, we demonstrated that these changes were accompanied by cell cycle arrest, up-regulation of RB and down-regulation of E2F-1 and bcl-2 proteins. More importantly, dose-dependent transduction of the antisense HPV16E7 construct was able to inhibit and/or retard the tumorigenicity of CaSki cells in vivo.

**856. Controlled Apoptosis of Transformed Cells**

F Carlotti, A Zaldumbide, K Boulukos, P Pognonec

*IFR 349, Centre De Biochimie, Université de Nice, Parc Valrose, 06108 Nice cedex 2, France.*

Our goal is the destruction of transformed cells by retroviral infection of a construct encoding a proapoptotic factor specifically but conditionally expressed in transformed cells. Our vector is a replication-defective retrovirus containing IP-10, a promoter whose activity has been reported to correlate with cell transformation by Ras. This promoter drives the expression of a tetracycline regulated transactivator (tTa). Our retrovirus also contains a tTa transactivated promoter, which controls the expression of a "therapeutic" gene, that is, a constitutively active caspase. Ras transformed/not transformed mixed cell cultures will be infected with the virus, and tetracycline treatment should theoretically result in the specific death of the transformed cells. Once the optimal specific promoter/proapoptotic gene pair is determined, this system will be transposed to a mouse system. Our first results indicate that the chosen constitutively active caspase is very efficient in pushing cells toward apoptosis, since no cells expressing it are detected 2 days after induction. Primary results of this new approach will be presented and discussed.

**857. Transcriptional Targeting of Retroviral and Lentiviral Vectors for Gene Therapy of Inherited Blood Disorders**

Emilio Menguzzato, Francesco Lotti, Bianca Piovani, Claudia Rossi, Fulvio Mavilio, G Ferrari

*Gene Therapy Program, Istituto Scientifico H. San Raffaele, Milano, Italy*

Retroviral vectors (MLV- or HIV-derived) are widely used to express exogenous genes into human cells. To date, these vectors represent the only gene transfer system allowing active integration of foreign DNA at high efficiency into the target cell genome, and are the vectors of choice in many clinical trials for gene therapy of genetic diseases. However, controlling the expression of a therapeutic transgene at quantitative and qualitative (tissue- or cell-specific) level is a critical, and often limiting, factor. For correction of genetic disorders affecting a specific progeny of pluripotent stem cells, the ultimate goal would be to integrate a therapeutic gene in long-lasting and self-renewing stem cells, and regulate its expression in specific, differentiated cell lineages. We have recently developed a strategy for transcriptional targeting of retroviral vectors based on replacing the viral LTR control elements with cellular enhancer/promoter sequences. We demonstrated that enhancer replacement is an effective strategy to target transcription of a retroviral genome to a the erythroblastic progeny of hematopoietic stem cells transduced ex vivo and reintroduced into an active hematopoietic system (A. Grande et al. Blood 93:3276, 1999). In order to improve both restriction and expression level of transcriptionally targeted vectors, two different enhancers of the GATA-1 gene (HS1, HS2) and β-globin promoter sequences were cloned in MoMLV- and HIV-based vectors, by replacing viral transcriptional control elements. The vectors are used to transduce cell lines, CD34+ /CD38low human hematopoietic progenitors and murine bone marrow repopulating stem cells. The expression of appropriate reporter genes is analyzed in the differentiated progeny of transduced stem cells in vitro, in liquid culture as well as in clonogenic assay, and in vivo, after bone marrow transplantation in lethally irradiated mice. This strategy will be validated in experimental models characterized by the transduction of stem cells in the context of hematopoietic disorders, such as hemoglobinopathies or thalassemias, which require restricted expression of a globin transgene only to the erythropoietic progeny of the hematopoietic stem cell. Design of new vectors, optimization of ß-globin gene expression and development of in vitro and in vivo models to test the efficacy of this approach in restricting the expression of a given transgene in a tissue- and cell-specific fashion, are in progress. In particular, correction of β-thalassemia will be attempted in appropriate pre-clinical models, such as bone marrow transplantation in β-thalassemic mice and in vitro differentiation of human β-thalassemic hematopoietic stem/progenitor cells.

**858. Differential Regulation of Retroviral and Lentiviral Transgene Expression**

A.-K. Zaiss, L.-J. Chang

*Department of Molecular Genetics and Microbiology, Gene Therapy Center, and Brain Institute, University of Florida, Gainesville, Florida, USA*

Retro- and lentiviral vectors combine some essential features for long term gene transfer into dividing and/or non-dividing cells. For efficient transgene expression, a strong housekeeping promoter, the human elongation factor 1a promoter (EF1a) has been inserted into both Moloney murine leukemia virus (MLV)-based vectors and human immunodeficiency virus type 1 (HIV-1)-based vectors. Transduction of different cell types with these vectors carrying nuclear beta-galactosidase (nlacZ) reporter gene demonstrated that nlacZ expression was consistently \>10 times higher in HIV transduced cells than in MLV transduced cells, as determined by beta-galactosidase enzyme assay using the same multiplicity of infection (moi). This is conceivably due to transcriptional interference: MLV LTR has an active promoter which may interfere with the internal EF1a promoter, while HIV LTR is inactive without Tat. To see if deletion of the 5' LTR promoter could abrogate the upstream promoter interference, we transduced both TE671 (muscle lineage) and K562 (lymphoid lineage) cells with retro- or lentiviral vectors containing a mutated 3' LTR (self-inactivating, SIN vectors). The results showed that although the MLV SIN vector exhibited slightly higher nlacZ activity than the wt MLV vector, it was still 5-10 times reduced compared with the HIV wt or SIN vectors. Interestingly, the HIV SIN vector consistently expressed 2 folds less activity than the wt HIV vector. This reduced internal promoter activity of the HIV SIN vector suggests that the HIV 5' LTR, while transcriptionally non-processive without Tat, may still function as an enhancer to the internal EF1a promoter.

Why is EF1a enhancer/promoter less active (5-10 folds) in MLV than in HIV vectors? Our previous studies have shown that an intronless EF1a promoter is 100 times less active than the native intron-containing EF1a promoter. It is possible that lentiviral vectors can efficiently transcribe and transport the intron-containing EF1a promoter, whereas MLV vectors tend to delete the EF1a intron during RNA processing. Experimental evidence for or against this hypothesis will be presented.

**859. Unmethylatable, Silencing-resistant Gene Transfer Vectors: Design of a CpG-Free EGFP Gene**

O Alkan\*, D Bininzkiewicz\*†, R Pawliuk\*‡, RK Humphries§, R Jaenisch\*†, J Ellis¶, P Leboulch\*\|\|
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‡*Genetix Pharmaceuticals, Cambridge, MA*
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Transcriptional silencing of transgenes in vivo poses one of the most significant challenges to the success of gene therapy. If the transferred gene is not completely silenced, a progressive decline in gene expression is often observed with time. It is becoming increasingly clear that the density of CpG methylation plays a predominant and triggering role in gene silencing by altering the status of the surrounding chromatin through local recruitment of histone deacetylases. We have found that a red-shifted, humanized variant of the green fluorescent protein (EGFP), which harbors 66 methylatable CpG residues, causes silencing of a cis-linked human beta-globin gene / Locus Control Region (LCR) transgene integrated at single copy in transgenic mice. Moreover, 100% of mice derived from embryonic stem (ES) cells transduced with a recombinant Murine Stem Cell Virus (MSCV)-based vector harboring EGFP showed complete silencing of the transgene. However, silencing of the EGFP transgene was alleviated when mice were treated with 5-azacytidine, a chemical known to remove methyl groups from CpG residues, or after infection of ES cells containing a knock-out of the gene encoding the DNA methyltransferase Dnmt-1. Furthermore, we have now devised a novel strategy for the prevention of transgene silencing by the systematic removal of methylatable CpG residues within the transgene of interest. We constructed an entirely synthetic EGFP gene in which all 66 CpG dinucleotides were destroyed without changing the amino acid sequence of the wild type protein \[wtEGFP\]. This CpG free EGFP gene \[CG-free GFP\] remained red-shifted and retained 85% of its humanized amino acid sequence. FACS analysis of NIH3T3 cells transduced with MSCV\[CG-free GFP\] retrovirus showed no difference in the intensity of fluorescence when compared to cells transduced with the MSCV\[wtEGFP\] virus. Expression of the \[CG-free GFP\] gene in vitro is being assessed by PCR and RT-PCR analysis of individual retrovirally transduced NIH3T3 cell clones and bone marrow clonogenic progenitors. Expression of the \[CG-free GFP\] gene in vivo is being assessed using the aforementioned assays in which silencing of the EGFP transgene was observed: (i) expression of a human beta-globin/LCT transgene cis-linked to \[CG-free GFP\] in transgenic mice, (ii) expression in hematopoietic cells of mice transplanted with MSCV\[CG-free GFP\] transduced hematopoietic stem cells, and (iii) expression of \[CG-free GFP\] in wild type and Dnmt-1 (-/-) ES cells. In addition, we have extended this general strategy to construct a number of genes in which critical CpG dinucleotides within the gene itself and/or cis-linked regulatory elements have been eliminated. For example, we have constructed a human beta-globin gene construct in which the entire b-globin promoter and the cis-linked hypersensitive sites (HS) 2, 3 and 4 of the LCR are entirely CpG-free. This approach of systematically eliminating methylatable CpG dinucleotides from transgenes and gene transfer vectors may enable the construction of a class of silencing-resistant vector constructs with broad implications for gene therapy.

**860. Optimization of Protein Secretion from Stably Transduced Adult Primary Mouse Skeletal Myoblasts**

Paulette Ferland\*, Michael DelTatto\*, Janet Shansky\*, Peter Lee\*†, Herman Vandenburgh\*†

\**The Miriam Hospital*

†*Brown University*

Primary mouse myoblasts can be transduced to secrete foreign gene products such as human Growth Hormone (hGH) and engineered into implantable BioArtificial Muscles (BAMs) for long term in vivo protein delivery. With the goal of optimizing gene product secretion to high therapeutic levels, we tested several methods of gene transfer to primary adult mouse myoblasts using a retroviral plasmid vector (LgXSN) containing the hGH gene under control of the LTR promoter. Myoblasts were transduced using retroviral containing medium from clonally derived PT67 packaging cells by either 30 minute centrifugations repeated 4 times over a period of 48 hours, or by daily feedings with viral medium on 3 consecutive days. PT67 packaging cells were produced by first transfecting E86 packaging cells with the retroviral plasmid vector and then transducing PT67 cells with viral containing medium from the transfected E86 cells. Both transduction methods were tested using non-concentrated viral medium, and viral medium concentrated 10X by overnight centrifugation. Transduced cells were expanded in culture and conditioned medium collected after 24 hours for hGH assay. In the absence of polybrene, skeletal myoblasts secreted undetectable levels of hGH. Cells transduced with 4μg or 8μg/ml polybrene had hGH secretion levels of 690 and 950ng/106cells/day, respectively. Centrifugation of the myoblasts during transduction in the presence of polybrene increases hGH secretion 1.5--3 fold compared to daily fed cultures. Transductions using 10X concentrated viral medium increased the hGH level from 406 + 8 ng to 883 + 151ng/106cells/day. Using the combined optimized methods allowed us to tissue engineer BAMs from 2×106 adult mouse myoblasts capable of secreting up to 12 μg hGH/day/BAM. The methods described optimize gene transfer efficiency to a primary mouse muscle model, bringing us closer to the goal of in vivo delivery of therapeutic levels of growth factors for humans.

(Supported by NIH AG15415, HL60502 and NASA NAG2-1205).

**861. Gene Transfer Efficacy to Normal Liver and Hepatocarcinoma Cells Using Adeno, Retro and Lentiviral-derived Factors**

Rathviro Uch\*, René Gerolami†, François Jordier\*, Sylvie Mathieu‡, Claude Bagnis\*, Patrice Mannoni\*

\**Centre de Thérapie Génique, Institut Paoli-Calmettes, Marseille France*

†*Hôpital de la Conception, Marseille France*

‡*Inserm U260, Marseille France*

Adenoviral(Ad)-mediated HSV Thymidine Kinase (TK) gene transfer into hepatocarcinoma cells (HCC) showed an antitumoral effect after ganciclovir administration. But, using Ad vectors, TK gene is expressed in normal hepatocytes leading to severe hepatitis in vivo. The goal of this study was to evaluate whether the use of other viral vectors could reduce gene transfer to normal hepatocytes without decreasing transgene expression in HCC cells. We transduced HCC cell lines (HuH7, Hep3B and HepG2) and normal rats hepatocytes with retro, adeno and lentiviral vectors containing LacZ or EGFP marker genes under the control of CMV or CAG promoter. Gene transfer was studied by Xgal staining or FACS analysis. Lentiviruses transduced HCC cells as efficiently as Ad. Retroviruses were less efficient. Gene expression rapidly decreased with time after Ad transduction while it was stable after lentiviral transduction. Ad transduced very efficiently normal hepatocytes. Retroviruses and lentiviruses were unable to transduce normal hepatocytes without stimulation of cellular proliferation. In conclusion, allowing a selective and highly efficient gene transfer into HCC cells, lentiviruses are promising vectors in order to achieve in vivo antitumoral effect without liver toxicity. In vivo and in vitro experiments are in progress to confirm interest of lentiviral mediated gene transfer strategy to promote expression of therapeutic genes such as suicide gene in HCC.

**862. Mutation Rate and Spectrum of HIV and MLV Vectors**

E Nakajima, N Sakai, M Yamamoto, H Tanabe, K Miyake, T Shimada

*Department of Biochemistry and Molecular Biology, Nippon Medical School, Tokyo, Japan.*

HIV based retroviral vectors, which could efficiently transduce non-dividing cells, are thought to be useful for gene therapy aiming AIDS and targeting neuronal cells and hematopoietic stem cells that are highly resistant to MLV vector mediated gene transfer. One of major disadvantages of these vector systems is safety issue. Furthermore, mutation rate and spectrum of retroviral vectors may be a problem, since retrovirus, represented by HIV, is known to have high mutation rate at least in vivo. The focus of this study, with the view of verifying safety and usefulness of HIV vector, is to examine the rate and spectrum of mutations in the proviral genome of HIV vectors and MLV vectors which have been applied for clinical cases as control vector. The HIV vector (HXTKN) and MLV vector (TK/G1NatkNeo) containing the HSV-TK gene and the neoR gene driven by the tk promoter were generated by transient transfection of Cos cells with the vector and packaging plasmids. CD4HeLa cells were transduced with HXTKN or TK/G1NatkNeo and selected for G418 resistance. Genomic DNA was extracted from each isolated G418 resistant clone, and the HSV-TK gene region was subjected to PCR-SSCP and direct sequencing. More than 10% clones of each vector transduced carried mutations. In case of the HIV vectors, 21 of 130 clones (16%) showed aberrant bands in the PCR-SSCP assay. Detail analysis demonstrated that 7 clones (5%) had changes in the copy number of the 65 bp repeated sequence in the polyoma enhancer. Three clones (2%) revealed recombination with unknown sequences. Total 19 base-substitutions were identified in 11 clones (8%). Similarly, in case of the MLV vectors, changes in the copy number (5%, 6 of 118 clones), recombination (2%, 2 clones), and base-substitutions (13%, 15 clones) were identified. Some clones contained multiple mutations. Most of the mutations were G to A transition and clustered in two defined regions which contain high GC content. No significant difference was observed in mutation rate and spectrum between the HIV and MLV vectors. Therefore, it is considered that genomic instability, found mutations in the proviral genome, arose from characteristics common to retrovirus. These errors could be introduced at any of the replication steps including replication and/or transcription of plasmid DNA in Cos cells, and reverse transcription by viral reverse transcriptase. The relatively high mutation rate (\> 10%) may be a potential problem in some kinds of gene therapy protocol targeting stem cells and using suppressor oncogenes.

**863. Gene Transfer by HIV-1 and HIV-2 Lentiviral Vectors**

Jenice D\'Costa, Heidi Brown, Alberta Davis-Warren, Nini Makhzani, Suresh K. Arya

*National Cancer Institute, National Institutes of Health, Bethesda, Maryland*

HIV-1 and HIV-2 have a similar genomic structure, except for the possession of vpu gene by HIV-1 and vpx gene by HIV-2. They however differ in several aspects of their natural history, transmission dynamics, pathogenic potential, and details of molecular regulation. HIV-2 is thought to be less pathogenic than HIV-1. Whether these differences are also reflected in vectors derived from these viruses' remains to be determined. This is specially relevant to the safety of the vectors and to the availability of animal models for their evaluation. We have undertaken a comparative study of the packaging efficiency and transduction ability of HIV-1 and HIV-2 vectors. This is being done not only with the marker GFP gene but also with a number of therapeutically relevant genes and disease models. These include chemokine genes in HIV-1 infection, aromatic amino acid decarboxylase (AADC) gene in Parkinson\'s disease,-galactosidase A gene in Fabry disease, BAX gene for apoptosis in neuroblastoma, and a tumor specific antigen gene in melanoma. Our infectious disease model of HIV infection and AIDS aims to explore two concepts -- virus inhibition by achieving high local secretion of antiviral chemokine to block infection from without (entry interference) and virus inhibition by intracellular expression of modified chemokines to block infection from within (intracellular immunization). Thus we constructed HIV-1 and HIV-2 vectors with normal (secretion-competent) and ER retention signal-tagged (secretion-restricted) RANTES as a prototypic chemokine. The vectors also contained IRES-puromycin cassette for selection. These vectors efficiently transduced normal human PBMC to produce secreted as well as intracellularly localized RANTES. When challenged with HIV-1, transduced cells were protected from infection. The degree of protection depended on the nature of the RANTES gene, the multiplicity of infection, and the duration of observation. Parenthetically, vectors with other transgenes also successfully and functionally transduced target cells.

**864. Regulatable Lentiviral Vectors**

Tal Kafri\*, Henriette van Praag†, Nien Hoong†, Fred Gage†, Inder Verma†

\**UNC Gene therapy Center*

†*Salk Institute La Jolla CA*

Lentiviral vectors can deliver and express large cDNAs in terminally differentiated neurons as well as in a variety of other non-dividing cells. These and other features of the lentiviral vectors offer the opportunity to use them for curing a number of neurological diseases. To regulate the expression of future therapeutic transgenes in vivo we developed an inducible lentiviral vector that contains the entire tetracycline (Tet) regulated system. The novel vector expresses the GFP reporter gene and the tetracycline transactivator under the control of the tetracycline inducible promoter and the human CMV promoter, respectively. In vitro transduction of HEK293 cells resulted in very low basal expression of the GFP in the presence of doxycyline. Withdrawal of doxycyline induced more than a five hundred-fold increase in transgene expression. Switching transgene expression "off and on" did not change the kinetics or the magnitude of induction. Maximal suppression of GFP mRNA transcription was achieved within 24 hours; however, due to the relatively long half-life of the GFP, green fluorescent cells were detected up to ten days post doxycyline treatment.

Following transduction of rat brain, we could show doxycyline regulated GFP expression in terminally differentiated neurons. Furthermore, by adding or withdrawing doxycyline from the rats' drinking water we could reverse induction and suppression of GFP expression in vivo. These studies show that an inducible lentiviral vector can deliver and regulate transgene expression in vivo. We believe that this system opens new avenues in the treatment of a variety of neurological disorders.

**865. A Bicistronic Lentiviral Vector System Based on Differential Splicing**

Yonghong Zhu\*, Beth Jamieson†, Vicente Planelles\*

\**Departments of Medicine and Microbiology & Immunology, University of Rochester Cancer Center, Rochester, NY 14642*

†*Division of Hematology, Department of Medicine, UCLA School of Medicine, Los Angeles, California 90095*

Lentiviral vector systems have been developed for various gene therapy applications and they are capable of infecting a wide range of cells including non-dividing cells. Most of these vector systems deliver a single gene by using an internal promoter such as the Cytomegalovirus (CMV) promoter or the viral Long Terminal Repeat (LTR). We have developed a novel bicistronic lentiviral vector system that is able to deliver two genes based on differential splicing patterns of HIV-1 transcripts. To construct this vector, the gag and pol open reading frames were deleted and the nef gene was replaced by the green fluorescent protein (GFP) gene. The second reporter gene, human B7.1 (hB7.1), was inserted at the vpr locus. We used pCMVDR8.2Dvpr (An et al, J Virol 73: 7671) as a packaging vector and HCMV-VSV-G as envelope vector to make pseudotype viruses.

A second generation of the above vectors was developed by inserting various combinations of tat and/or rev mutations. This vector system offers the ability to modulate the relative levels of expression of various therapeutic and/or reporter genes and affords a new degree of versatility in the field of gene transfer.

**866. Lentiviral Vector-mediated Gene Delivery Using a HIV-1 TAT Fusion Protein**

Zhennan Lai\*, Ina Han\*, Jakob Reiser\*†, Roscoe Brady\*

\**Developmental and Metabolic Neurology Branch, National Institute of Neurological Disorders and Stroke, National Institutes of Health, Bethesda, MD 20892.*

†*Gene Therapy Program, Louisiana State University School of Medicine, New Orleans, LA 70112*

The effectiveness of gene therapy depends on the efficient transfer of therapeutic genes and their protein products to target cells. Current developments with lentiviral vectors indicate that they show promise for viral-mediated gene delivery and long-term expression in nondividing cells. The HIV-1 Tat protein has recently been shown to mediate intercellular transmission of proteins in the central nervous system (CNS). This observation raises the possibility that incorporation of Tat into a vector system might be effective for the global delivery of therapeutic proteins to organs such as the brain. To determine the ability of lentiviral vectors to deliver genes encoding proteins fused to a transduction domain of Tat, and to test whether the system is potent enough to allow protein delivery from transduced cells, Tat-EGFP (enhanced green fluorescent protein) fusion constructs were prepared and delivered into COS-7 cells using a lentiviral vector. To follow the localization of such fusion protein to other cells, the transduced COS-7 cells were typsinized 24 h after infection and co-plated with a number of different cell types including brain choroid plexus cells and HeLa cells. We found spreading of Tat-EGFP from lentiviral-transduced cells to neighboring cells in vitro. These data support the concept that lentiviral vectors may constitute a potent biological system for delivering genes that encode therapeutic proteins fused to the Tat.

**867. Packaging Cell Line for Clinical Grade HIV-based Vectors**

H Segall, ES Yoo, RE Sutton

*Department of Molecular Virology and Center for Cell and Gene Therapy, Baylor College of Medicine, Houston, TX*

HIV-based vectors have enormous potential for gene therapy because of their ability to transduce a variety of non-dividing human cells. The HIV packaging cell lines currently available have either limited host range, are of low, inconsistent titer, or unsafe for clinical use. This summary outlines the development of a stable packaging cell line that will produce clinical-grade HIV-based vectors of broad host range and high titer.

To create a safe, replication-defective retroviral vector, *gag-pol, env, tat* and *rev* will be segregated from the rest of the viral genome and complementated in trans. The four accessory genes that encode critical virulence factors, *vif, vpr, vpu* and *nef,* will be deleted, as they are dispensable for transduction. The U3 region of the 5' LTR in the *gag-pol* construct will be replaced with the cytomegalovirus (CMV) promoter, resulting in Tat-independent transcription. A self-inactivating (SIN) transfer vector has been constructed by deleting a portion of the U3 region of the 3' LTR, resulting in the transcriptional inactivation of the LTR of the integrated proviruses. Viral particles will be pseudotyped with the vesicular stomatitis virus G-glycoprotein (VSV-G), which allows an extension of the host range of the vector and permits concentration by ultracentrifugation. An inducible system is required since some gene products, such as VSV-G, are cytotoxic to the producer cells. The "gene-switch" inducible system consists of an activator protein which, in the presence of a small molecule drug, activates transcription of the target gene. The activator is a triple fusion protein (p65-GAL4-PR), consisting of a mutated human progesterone receptor ligand binding domain (PR) fused to the yeast GAL4 DNA binding domain and the activation domain of NF-kappaB (p65). The target consists of four 17-mer GAL4 upstream activation sequence (UAS) and a TATA-box linked to the gene of interest. Binding of the progesterone antagonist RU486 to the PR causes a conformational change, leading to activation and binding of GAL4 to its cognate DNA (the UAS), which then upregulates transcription.

The packaging cell line will be created stepwise by stable transfection of four constructs. 293 cells have already been stably transfected with the activator construct (*p65-GAL4-PR*) and a reporter gene, green fluorescent protein (GFP). The best expressing clones will then be stably transfected with a plasmid that has a bidirectional UAS promoter, separately driving transcription of the HIV proteins Tat and Rev, and a cassette encoding VSV-G and luciferase. Cells will next be transfected with a cassette encoding HIV *gag-pol,* a third selectable marker, and the Rev-response-element (RRE) driven by a constitutive promoter (CMV). The cells will then be transfected with the minimal SIN HIV vector, which contains the LTRs as described above, the RRE, and an internal promoter (PGK) driving a reporter gene (yellow fluorescent protein, or YFP). Clones will be tested for their ability to produce virus in the presence of RU486, and supernatants will be confirmed to be free of any replication-competent lentivirus. The best producer clones will be selected and the supernatants tested on a variety of primary cells.

**868. Analysis of Retrovirus Binding and Infection by *In Vitro* Conversion of Noninfectious HIV-1 Particles to Infectious Form**

Sanjai Sharma^1^, Atsushi Miyanohara, Theodore Friedmann

*Center for Molecular Genetics and Dept of Pediatrics, UCSD School of Medicine*

In the absence of envelope gene expression, cells expressing HIV-1 gag and pol and several accessory functions as well as a vector genome RNA produce and secrete large amount of non-infectious virus-like particles (VLPs) into the conditioned medium. Partially purified HIV-1 VLPs can be made infectious by formation of a complex with lipofection reagents or with the G protein of vesicular stomatitis virus (VSV-G) in cell free conditions in vitro. The resulting in vitro-converted HIV-1 vectors are able to infect non-dividing cells. Infectivity of the envelope-free HIV VLPs can also be induced by prior addition of partially purified VSV-G vesicles to target cells. Similarly, addition of the envelope-free non-infectious VLPs to cells followed by treatment of cells with VSV-G also induces infectivity. We interpret these findings to indicate that VSV-G protein acts to introduce a fusiogenic function into the cell membrane or the cell-derived membrane surrounding the virus particles, thereby allowing entry of the virus-like particles into the cell. Our observations also suggest that a specific interaction between a viral envelope and a cell surface receptor is necessary not for the virus binding to the cells but for cell entry and subsequent infection.

^1^ Current address: USC School of Medicine.

**869. Pseudotyping Lentiviral Vectors with Sendai and Ebola Virus Envelope Glycoproteins**

L.-J. Chang, A.-K. Zaiss

*Department of Molecular Genetics and Microbiology, Gene Therapy Center, Brain Institute, University of Florida, Gainesville, Florida, USA*

The host cell tropism of lentiviral vectors has been expanded via pseudotyping viral envelope with vesicular stomatitis virus glycoprotein (VSV-G), the commonly used envelope glycoprotein for lentiviral vectors. VSV belongs to a genus of virus (mononegavirales) with negative-strand, non-segmented RNA genome, all of which encode 1 or 2 envelope glycoproteins. Like VSV, Ebola virus is a member of a subfamily in the same genus and encodes for an envelope glycoprotein that forms trimers like VSV-G. Sendai virus, the prototype of another subfamily, paramyxoviridae, encodes 2 envelope proteins, fusion protein F and hemagglutinin-neuraminidase HN. Both Ebola and Sendai virus envelope proteins have been shown to pseudotype Moloney murine leukemia virus. In this study, we attempted to modify the host range of lentiviral vectors by replacing VSV-G with different viral envelope proteins including Ebola virus glycoprotein (Ebo-gp) or Sendai virus HN and F (HN/F). Analyses of cells transfected with eukaryotic expression plasmids containing these envelope genes by flow cytometry using antibodies specific for HN/F or Ebo-gp demonstrated that they were expressed as membrane proteins, a prerequisite for pseudotyping viral vectors. HN/F and Ebo-gp pseudotyped lentiviral vectors were generated through DNA co-transfection using previously established lentiviral helper plasmid pHP and transducing plasmid pTV followed by titration on TE671 cells (human rhabdomyosarcoma). The results showed that both HN/F and Ebo-gp successfully pseudotyped lentiviral vectors, with HN/F vector in the range of 10e5 infectious units (IU)/ml and Ebo-gp vector in the range of 10e4 IU/ml. This is one to two log reduction in titer compared with VSV-G pseudotyped lentivirus. Similar to VSV-G pseudotyped virus, both HN/F and Ebo-gp pseudotyped virus can be concentrated by centrifugation. Analyses of cytotoxicity, stability and concentration of these different envelope proteins in lentiviral vecors for gene transfer studies are underway. In summary, lentiviral vectors can be successfully pseudotyped with both Sendai virus HN/F and Ebola virus envelope proteins. Biochemical analyses of these pseudotyped lentiviral particles as well as the possible changes in tissue tropism will be presented.

**870. Development of an Avian Leukosis Virus Envelope-pseudotyped HIV Vector**

Nachimuthu Chinnasamy\*‡, Brian C. Lewis†‡, Richard A. Morgan\*, Harold E. Varmus†

\**CGTB/NHGRI, National Institutes of Health, Bethesda, MD 20892*

†*Varmus lab, NCI, National Institutes of Health, Bethesda, MD 20892*

‡*Contributed equally*

Avian leukosis viruses (ALV) have the ability to infect cells of avian origin but are unable to infect mammalian cells. Viral entry for subtype-A ALV (ALV-A) is mediated by the receptor TVA. Therefore infection of mammalian cells can be restricted by expressing TVA from tissue or cell-type specific promoters. We are using ALV vectors to generate tumor models in TVA transgenic mice. However, like other classical retroviruses, ALV requires cell division for productive infection. On the other hand lentiviral vectors have the advantage over other retroviral vectors for gene delivery because they are capable of integrating into non-dividing host cell genome.

We have therefore developed a system for the preparation of replication defective HIV-1-based lentiviral vector particles pseudotyped with the envelope protein of ALV-A (Env-A). Env-A pseudotyped lentiviral vector particles were generated in human embryonic kidney cells 293T by co-transfection of a plasmid encoding Env-A together with a HIV transfer vector plasmid encoding Green Fluorescent Protein, and a packaging construct expressing the HIV gag and pol genes, based on the vector system developed by Verma and colleques (Science, 272, 263-7, 1996). The resulting lentiviral pseudotype can be produced at titers of approximately 104 per ml and is stable during concentration by ultracentrifugation. Human 293 cells engineered to express the receptor TVA are susceptible to infection by this vector whereas parental 293 cells remain resistant to infection. The vector particles also infect the chicken fibroblast cell line DF1 and embryonic fibroblasts derived from transgenic mice expressing TVA. We are currently assaying the ability of this vector to infect arrested primary cells in culture and to infect mouse cells in vivo. The development of this lentiviral vector should allow TVA mediated gene delivery to be used to study molecular processes in non-dividing and terminally differentiated cells in vivo.

**871. Development of Novel Lentiviral Vector that Affords Predictable Safety**

Xiaoyun Wu\*, John Wakefield†, Hongmei Liu\*, John Kappes\*

\**University of Alabama at Birmingham*

†*Tranzyme Inc.*

Lentiviral vectors derived from human immunodeficiency virus type 1 (HIV-1) hold great promise for gene therapy. However, the possibility of generating replicating competent retrovirus (RCR) raises concerns for safety. Since genetic recombination underpins the generation of any type of RCR and there are serious limitation in available animal models for evaluating the biosafety of these vectors in vivo, an assay that directly measures genetic recombination would provide valuable information not only to evaluate safety, but also in the development of safe lentiviral vector designs. Here we designed novel HIV-based packaging system (trans-lentiviral) that splits gag-pol into two parts: one that expresses gag/gag-pro and another that expresses reverse transcriptase and integrase as fusion partners of viral protein R (Vpr). Using a sensitive assay developed to specifically detects recombinant lentiviral DNA mobilization, we demonstrated that the trans-lentiviral vector prevents the generation of recombinants that contain a functional gag-pol structure, while the lentiviral vector generates envelope-minus recombinant-lentivirus that mobilizes recombinant genomes to other cells when pseudotyped with an exogenous envelope. Since an intact gag-pol structure is absolutely required for any type of RCR and DNA mobilization, the trans-lentiviral vector design makes it possible to assess the risk associated with RCR and DNA mobilization using an in vitro assay that monitors for the regeneration of the gag-pol structure. Therefore, the trans-lentiviral vector design will ensure the greatest predictable level of safety for clinical application.

**872. Analysis of Genetic Recombination of Lentiviral Vectors**

John Wakefield\*, Rui Zheng\*, Hongmei Liu†, John Kappes†, Xiaoyun Wu†

\**Tranzyme, Inc.*

†*University of Alabama at Birmingham, Department of Medicine*

Although lentiviral gene therapy vectors hold great promise for the treatment of human diseases, there are a number of important safety issues that must be addressed. A major concern confronting all lentiviral vectors is the possibility of regenerating a replication competent retrovirus (RCR) through genetic recombination of the packaging and vector components. Since there are no available animal models for evaluating the safety of these vectors in vivo, it is of particular importance that validated assays be in place to assure that the vector stocks are free of RCR. To date, specific PCR and biological assays have been used to monitor for evidence of RCR in vector stocks. Since recombination is the engine that drives the formation of RCR, monitoring of recombinants may be a better predictor for evaluating vector safety in vivo, especially for the long term. To analyze lentiviral vector recombination, we developed a cell line that, through the expression of an inducible marker gene, can indicate when a recombinant is formed and integrated into the host cell\'s chromosome. This has markedly improved the sensitivity for detecting genetic recombinants and allowed us to enrich for the recombinants in order to conduct detailed genetic and biologic analyses. We utilized this 'indicator' cell line, which contains the puromycin N-acetyl transferase (puro) gene as the selectable marker and whose expression is induced by the HIV-1 Tat protein, to demonstrate that recombination can occur between the HIV-based vector and the gag-pol packaging constructs. The recombinants had the capability of integrating into the target cell, expressing its encoded HIV gag and pol genes, and could be transferred from one cell to another if an exogenous envelope was provided in trans. DNA sequence analysis of the integrated recombinant genomes confirmed that recombination between the vector and packaging construct had occurred resulting in an LTR-psi-gag-pol-tat/rev-LTR structure. Sequence analysis at the sites of recombination revealed that the 5' junction was formed via homologous sequences found within the packaging signal of the vector and the gag gene of the packaging construct. On the other hand, the 3' junction was formed by non-homologous recombination between the poly(A) tract at the 3\'end of the gag-pol mRNA and 3' end of the vector. These results clearly demonstrate that lentiviral-based vectors have the ability to form recombinants with biologically functional gag-pol which can integrate into its target cell. The presence of such an integrated recombinant genome poses an increased risk of DNA mobilization and generation of RCR. Similar risks may be associated with so called "third generation" vectors, since these vectors still maintain those sequences involved in forming the LTR-psi-gag-pol-LTR recombinant.

**873. A Rapid and Reliable Method to Determine Lentiviral Vector Particle Numbers and Titers Using Quantitative Real-time PCR**

Michaela Scherr\*, Karin Battmer\*, Ulrike Bloemer†, Katja Luetzenkirchen‡, Arnold Ganser\*, Manuel Grez‡

\**Medizinische Hochschule Hannover, Abt. Haematologie, D-30625 Hannover*

†*Medizinische Hochschule Hannover, Abt. Neurochirurgie, D-30625 Hannover*

‡*Georg-Speyer-Haus, D-60596 Frankfurt, Germany*

The titers of lentiviral virus preparations correspond to the ability of the vector particles to transduce target cells. So it is necessary to get knowledge of the titers to perform an effective gene transfer. We describe a quantitative DNA-based real-time PCR approach to determine the number of lentivirus particles present in vector preparations. In this approach the minus-strong stop cDNA fragment present in the viral capsid serves as template for the PCR reaction. The same probe and primer pairs can be used to estimate the number of proviruses present in transduced cells. Using this approach we found that only 0.1 to 1% of the virus particles present in vector preparations are infectious. Real-time PCR performed on integrated proviral DNA closely correlates with the biological titer of the virus (number of EGFP-positive cells). This approach is rapid, reliable and simple in concept and can be used to estimate both vector particles in supernatants and the number of infectious particles. The primer set can be utilized for lentiviral constructs based on HIV-1/HXB2 and in case of stable producers can be used to efficiently identify high producer cell clones and finally the approach can easily be adapted to a high-through put system by using 96 well-plates and a 2h running time.

**874. *In Vivo* Targeted Gene Transfer into CD4^+^ T cells by High Titer Recombinant HIV Vectors**

Koichi Miyake\*, Noriko Suzuki\*, Yoshio Koyanagi†, Takashi Shimada\*

\**Department of Biochemistry and Molecular Biology, Nippon Medical School*

†*Department of Virology, Tohoku University*

Targeted gene transfer is essential for safe and efficient gene therapy. Systemic injection of targeting vector is considered to be an ideal method of gene transfer. HIV based retroviral vectors were originally designed for gene therapy of AIDS. An important feature of the HIV vector with HIV envelope is strict tissue specificity. It was demonstrated that the HIV vector was capable of targeted and efficient gene transfer into CD4+ human cells including non-stimulated primary CD4+ T-cells. In this study, we tested whether the HIV vector could be used for in vivo targeting. The HIV vector was generated by co-transfection of Cos cells with pCGPE (BH10 derived packaging plasmid derived from the T-cell tropic BH10 clone) and pHGFP (vector plasmid containing the green fluorescent protein (GFP) gene) and concentrated by ultrafiltration using CENTRIPREP colums. Hu-PBL-NOD-scid mice were prepared by intraperitoneal injection of 1 × 10\'7 human PBL into NK depleted NOD-scid mice. One ml of the HIV vector stock (1 × 10\'8cfu/ml) was inoculated into the intraperitoneal cavity, and the mouse was sacrifices after 10 days. Histological changes and replication competent cytopathic virus were not detected in the vector injected mice. FACS analysis showed that 2-4 % of CD4+ T-cells recovered from the peritoneal cavity, peripheral blood, and spleen were transduced with the HIV vector. Semi-quantitative PCR analysis showed that the GFP sequence was detected in more than 0.1 % of mononuclear cells. These results indicate that HIV vector could be used for in vivo targeted gene transfer into CD4+ T-cells. Lymphocytes are important target cells for gene therapy of various disorders. Targetable and injectable HIV vectors would greatly facilitate the development of such gene therapy strategies.

**875. Lentiviral Vector-mediated Expression of Human Glucose 6-Phosphate Dehydrogenase in Human Hematopoietic Stem Cells**

Carolyn Fein-Levy\*†, Maria De Angioletti\*, Rosario Notaro\*, Olga Camacho Vanegas\*, Ana Rovira\*, Michel Sadelain\*, Lucio Luzzatto\*

\**Department of Human Genetics*

†*Department of Pediatrics, Memorial Sloan-Kettering Cancer Center, New York, NY*

G6PD deficiency is a common hereditary condition due to missense mutations in the X-linked G6PD gene. Most mutations cause a mild condition with acute episodes of hemolysis when patients are challenged by oxidative stress. However, some mutations cause a severe life-long chronic non-spherocytic hemolytic anemia for which there is no definitive treatment. Although G6PD is a housekeeping gene, the clinical manifestations of G6PD deficiency are primarily limited to red blood cells. Therefore, G6PD deficiency is an excellent candidate for gene therapy. Although quiescent hematopoietic stem cells (HSC) are not regarded as the ideal target for oncoretrovirus, we have been able to transfer and express hG6PD in *bona fide* murine HSC and human HSC using murine leukemia virus-based (MLV) vectors pseudotyped with the vesicular stomatitis G glycoprotein (VSVG). Lentiviral vectors have been shown to transduce non-dividing cells. In order to compare the ability of the lentivirus-and MLV-based vectors to transduce primitive human HSC we have constructed lentiviral vectors harboring the hG6PD under the transcriptional control of the CMV promoter. Vector construction was based on the human immunodeficiency virus derived vector pHR-CMVLacZ, in which we have replaced LacZ cDNA with the hG6PD cDNA (pHR\'G6PD). The production of infectious viral particles pseudotyped with the VSV-G is based on the transient expression in 293T cells of the transfer vector pHR\'G6PD together with the vector encoding the viral proteins needed for packaging and the envelope vector. The surpernatants containing the infectious viral particles have been tested on 293T cells. Based on Southern blot analysis we have demonstrated that the integrated provirus has not undergone genomic rearrangements. The original vector titer was 1.3×10^5^ viral particles/ml; after ultracentrifugation the titer was 1.1×10^7^ viral particles/ml. The concentrated viral supernatant was used to infect human hematopoietic cells depleted of cells expressing lineage differentiation markers in serum-free medium (MOI \~250) on retronectin coated plates for either 5 or 12 hours in the presence or absence of human cytokines (IL-6, IL-3, SCF). The results on hematopoietic colony forming cells (CFC) were as follows:

Time (hours)512CytokinesNoYesNoYesCFC expressing hG6PD (%)16.537.514.540

Thus the transduction efficiency under optimal conditions was comparable to what we have found previously with MLV-based vectors (20--50%). Currently the two types of vectors (oncoretrovirus *versus* lentivirus) are being compared *in vivo* by the engraftment of HSC and hG6PD expression in NOD/SCID mice.

**876. Transduction of Human PBMC-derived Dendritic Cells and Macrophages by an HIV-1-based Lentiviral Vector System**

Roland Schroers\*, Indu Sinha\*, Harry Segall\*, Ingo G.H. Schmidt-Wolf†, Cliona M. Rooney\*, Malcolm K. Brenner\*, Richard E. Sutton\*, Si-Yi Chen\*

\**Center for Cell and Gene Therapy, Baylor College of Medicine, One Baylor Plaza, Houston, Texas 77030, USA*

†*Department of Internal Medicine I, University of Bonn, Germany*

Professional antigen-presenting cells, such as dendritic cells (DCs) and macrophages, are target cells for gene therapy of infectious disease and cancer. However, transduction of DCs and macrophages has proved difficult by most currently available gene transfer methods. Several recent studies have shown that lentiviral vector systems can efficiently transduce many non-dividing and differentiated cell types. In this study, we examined the gene transfer to DCs and macrophages using a lentiviral vector system. Human DCs were propagated from the adherent fraction of peripheral blood mononuclear cells (PBMCs) by culture in medium containing GM-CSF, IL-4, and TNF-a. Human macrophages were propagated from adherent PBMCs in medium containing GM-CSF. High titers of a replication-defective vesicular stomatitis virus glycoprotein G pseudotyped HIV-1-based vector encoding the enhanced yellow fluorescent protein (eYFP) were produced. In immature DCs (culture days three and five), transduction efficiencies of 25 to 35% were achieved at a multiplicity of infection of 100. However, the transduction efficiency was decreased in more mature DCs (culture day eight or later). Furthermore, monocyte-derived macrophages were also transduced by the lentiviral vector system with an efficiency comparable to DCs. In addition, Alu-LTR PCR demonstrated the integration of the HIV-1 provirus into the cellular genome of the transduced DCs and macrophages. Allogeneic mixed lymphocyte reactions (MLR) revealed similar antigen-presenting functions of untransduced and lentivirally transduced DCs. Thus, the results of this study demonstrate that lentiviral vectors can transduce both PBMC-derived DCs and macrophages.

**877. Transduction of Human Keratinocytes with a Lentiviral Vector**

Ulrich Kuhn, Atsushi Terunuma, Jonathan C. Vogel

*National Cancer Institute, National Institutes of Health, Dermatology Branch, Bethesda, MD, USA*

Achieving persistent gene expression has frequently been a problem in gene therapy. Lentiviral vectors may be superior at introducing genes into slow-dividing stem cells because of accessory factors that mediate the active transport of the viral preintegration complex through the nucleopores, while traditional retroviral vectors require cell division and dissolution of the nuclear membrane for successful gene introduction. The purpose of this study was to determine if lentiviral vectors are able to transduce non-dividing keratinocytes (KC) both in vitro and in vivo. Lentiviral vectors (replication defective) were produced by cotransfecting three separate plasmids into 293T human kidney cells: a packaging plasmid (either pCMV8.2 or pCMV8.9) that contains all structural and transactivating viral factors except envelope; an envelop plasmid providing either an amphotropic or the vesicular stomatitis virus G-glycoprotein (VSV-G) envelope; and a transfer vector (pHR\'GFP) that packages a green fluorescent protein indicator gene into the lentiviral vector and allows quantitative assessment of KC transduction by flow cytometry. Lentiviral vectors with titers of 10^9^ or higher were generated and transduced human KC with greater than 90% transduction (flow cytometry) when the lentiviral vectors were coated with either VSV-G or amphotropic envelope proteins. A comparison between GFP-expressing lentiviral and retroviral vectors shows equivalent transduction efficiency of proliferating human KC, regardless of envelope protein. However, irradiated non-dividing KC are only successfully transduced by lentiviral vectors. A comparison of lentiviral vectors that contain different accessory genes (pCMV8.2 vs. pCMV8.9) indicates that most accessory factors are not required for keratinocyte transduction. Direct in vivo injection of lentiviral vectors intradermally into human foreskin grafted on nude mice demonstrated transduction of KC at different epidermal layers (subcorneal). These results demonstrate that lentiviral vectors can transduce KC in vitro and in vivo and suggest that introducing genes into stem cells for long-term expression should be feasible.

**878. New Generation of Minimal Lentiviral Vectors and Their Use in Gene Transfer to the CNS and Solid Tumors**

Enca Martin-Rendon\*, Kyriacos Mitrophanous\*, Anna Olsen\*, Fiona Ellard\*, Emma Carter\*, Leigh Griffiths\*, Jonathan Rohll\*, Fraser Wilkes\*, Susan Kingsman\*†, Alan Kingsman\*†, Nick Mazarakis\*

\**Oxford BioMedica (UK) Ltd, The Medawar Centre, Robert Robinson Avenue, Oxford Science Park, Oxford OX4 4GA, UK*

†*Retrovirus Molecular Biology Group, Department of Biochemistry, University of Oxford, South Parks Road, Oxford, OX1 3QU, UK*

Important clinical targets for gene therapy include terminally differentiated or slowly dividing cells such as those found in the central nervous system (CNS) and solid tumours. Gene transfer to these tissues is inefficient using MLV-based vectors. Our previous work (1) describes a non-primate lentiviral vector system based on EIAV (Equine Infectious Anemia Virus) that is able to transduce dividing and non-dividing cells. Viral particles pseudotyped with the VSV-G protein can efficiently transduce neurons. This vector production system expresses the gag/pol proteins and rev but lacks the rest of the accessory proteins. We have developed a new minimal EIAV vector system in which the vector genome, pONY8, does not express any of the viral accessory proteins. The pONY8 series of genomes are Rev-, S2-, Tat-and Env- and the first two ATGs in the Gag region have been mutated (ATTG). Thus the pONY8 series do not express any EIAV proteins. To generate viral particles a Rev expression plasmid is needed. High titer (5X109 t.u./ml) viral vectors pseudotyped with the VSV-G protein are produced in a transient system and concentrated, as previously described (1). We have also generated the pONY8.1 series of genomes that contain only 1.1kb of EIAV sequences, exhibiting a cloning capacity of \~7 kb. Here we report the performance of the EIAV minimal vectors in a variety of cell types, such as tumor and neuronal cell lines and primary neuronal cultures, in solid tumors and in adult rat CNS tissue. Using these minimal vectors we have observed: (i) efficient gene transfer to the rat striatum by stereotactic injection of lentiviral particles (an average of \~5X104 transduced cells/striatum), (ii) preferential transduction of neuronal populations as demonstrated by immunohistochemistry and confocal imaging, (iii) long-term un-diminished transgene expression (up to 4 months tested) and (iv) efficient gene transfer and gene expression in solid tumors. Similar experiments are being carried out with a number of mammalian genes for different gene therapy applications.

\(1\) Mitrophanous et al. (1999) Gene Therapy, 6: 1808-1818.

**879. Development of Assays for the Detection of Replication Competent Retrovirus in Vector Preparations made using an Equine Infectious Anaemia Virus Vector System**

Jonathan Rohll\*, Fiona Ellard\*, Jason Slingsby\*, Andrew Slade\*, Fraser Wilkes\*, Susan Kingsman\*†, Alan Kingsman\*†, Kyriacos Mitrophanous\*

\**Oxford BioMedica (UK) Ltd, The Medawar Centre, Robert Robinson Avenue, Oxford Science Park, Oxford OX4 4GA, UK*

†*Retrovirus Molecular Biology Group, Department of Biochemistry, University of Oxford, South Parks Road, Oxford, OX1 3QU, UK*

Vectors based on the lentivirus, Equine Infectious Anaemia Virus (EIAV), are being developed for use in the clinic, and as such must be demonstrably safe for administration to humans. One aspect of the safety profile as required by regulatory authorities is that vector preparations should contain no replication competent retrovirus (RCR) as determined by at least two independent assays. The RCR assay system we have developed for EIAV has two stages, amplification and detection: In the first stage an opportunity for amplification of any RCR is given by two weeks serial passage of the HT080 human fibrosarcoma cell line previously treated with EIAV vector. Second, the supernatant from these cells is assayed for the presence of either transducing particles or reverse transcriptase activity. The capacity of the system to amplify RCR is assessed using parallel cultures transduced with defined amounts of amphotropic MLV either alone or in the presence of EIAV vector. The presence of transducing activity is assessed by carrying out transductions of fresh HT080 cells and then screening genomic DNA derived from these cells for the presence of either gag/pol or envelope (Vesicular Stomatitis Virus G protein, VSV-G) sequences by polymerase chain reaction amplification. The sensitivity of the assay is determined by reference to parallel amplification reactions using genomic DNA from a cell line that contains a single integrated copy of either EIAV gag/pol or VSV-G. We have previously utilised a standard assay for EIAV reverse transcriptase as a measure of RCR. However, the threshold sensitivity of this assay is in the region of 103 -- 104T.U./ml. A more sensitive ELISA based assay for reverse transcriptase has also been evaluated and is approximately 100-fold more sensitive. In addition a product-enhanced reverse transcriptase (PERT)-based assay for reverse transcriptase has been evaluated. Details of the sensitivity of this assay will be presented. Using the most sensitive of these tests we have been unable to detect any RCR in any of the EIAV vector preparations evaluated to date. These data should facilitate the transfer of EIAV based vectors to the clinic.

**880. Stable Producer Cell Lines for EIAV Lentiviral Vectors: Use of a Recombinase-assisted Method for Generation of Transduced Producer Cell Lines**

Jason Slingsby\*, Margaret Esapa\*, Jonathan Rohll\*, Anna Olsen\*, Susan Kingsman\*†, Alan Kingsman\*†, Kyriacos Mitrophanous\*, Andrew Slade\*

\**Oxford BioMedica*

†*Retrovirus Molecular Biology Group, Department of Biochemistry, University of Oxford, South Parks Road, Oxford, OX1 3QU, UK.*

We have developed a gene transfer system based on the nonprimate lentivirus, equine infectious anaemia virus (EIAV). Transient transfection methods generate vector preparations with an end point titre in excess of 106 T.U.ml-1. Concentration methods increase the titre of these preparations to \>109 ml-1. In order to manufacture reproducibly such vectors to scale, we require high titre stable producer cell lines of EIAV. We have found that MLV producer cell lines derived by retroviral transduction generate vectors of titre 10 to 100 fold higher than that of cell lines derived by a number of transfection methods. However, we are unable to make transduced producer cell lines for EIAV because the U3 promoter of EIAV is inactive in human cells i.e it is essentially a natural SIN vector. We also want to make EIAV vectors in the absence of the regulatory protein, tat. Therefore, we have developed a novel method that enables transduced producer cell lines for EIAV lentiviral vectors to be produced. The system utilises the Cre/loxP recombination system of bacteriophage P1. We constructed an MLV self-inactivating (SIN) vector called pTrap2 by replacing the 3' U3 NheI-XbaI fragment with a 34-bp loxP sequence. The vector transcribes the marker gene GFP from an internal CMV promoter. Trap2 vector was used to transduce EIAV packaging cell lines (EV). The EV cell lines are based on human TE671 cells and express EIAV gag/pol proteins and VSV-G envelope, regulated by a temperature-sensitive switch. High expressing clones of transduced EV cells were identified by FACS analysis for GFP. Individual clones expressing high levels of GFP were then selected. The GFP expression cassette was excised following transient transfection with a Cre recombinase expression plasmid. The derived cell line, EV-loxP, contains a single loxP site and minimal sequences derived from the MLV construct pTrap2. An EIAV genome was engineered to contain loxP sites flanking the entire vector genome. This construct and Cre recombinase were co-transfected into EV-loxP. Stable cell lines expressing lacZ were selected by FACS and cell lines were cloned by limiting dilution. Therefore, we have introduced an entire EIAV genome expression cassette into a single loxP site. This site was previously identified by MLV transduction as highly permissive for transgene expression. A 5' CMV promoter transcribes the lentiviral genome in the producer cell line but the expression site was originally identified by MLV transduction. We present data on the EIAV titres that were achieved using this system. This method is adaptable to the generation of transduced producer cell lines for other lentiviral vector systems.

**881. Generation of an Equine Infectious Anaemia Virus (EIAV)-based Lentiviral Producer Cell Line**

Kyriacos Mitrophanous\*, Fiona Ellard\*, Jason Slingsby\*, Margaret Esapa\*, Shih-Hui Liong†, Dilair Baban\*, Anna Olsen\*, Jonathan Rohll\*, Fraser Wilkes\*, Susan Kingsman\*‡, Mary Collins†, Yasu Takeuchi†, Alan Kingsman\*‡

\**Oxford BioMedica*

†*Chester Beatty Laboratories, ICR*

‡*Retrovirus Molecular Biology Group, Department of Biochemistry, University of Oxford, South Parks Road, Oxford, OX1 3QU, UK*

To date lentiviral mediated gene transfer has been demonstrated in a number of clinically relevant tissues including CNS, CD34+ cells and skeletal muscle. However for the successful use of lentiviral vectors for gene therapy the development of stable producer systems will need to be developed. We have developed a producer system (EV cells) based on the non-primate lentivirus EIAV. To prevent the generation of RCRs by homologous recombination we have constructed an EIAV system in which the gag/pol, vector genome and envelope components have minimal homology. The EIAV gag/pol expression cassette has been codon optimised to render it Rev independent as well as to minimise homology with the vector genome. All the accessory genes have been removed except for Rev which has been codon optimised and placed in a separate expression cassette. This system allows the generation of high titre vectors in transient production systems. Two main problems need to be overcome to generate stable producer cells. The first is the toxicity associated with the VSV-G envelope used to pseudotype lentivectors. This can be overcome by using inducible systems for example the tet system (Kafri et al. J Virol 1999). We have chosen to develop a temperature sensitive system for the expression of VSV-G. Using this system expression of VSV-G is low at 37 oC but high at 32 oC. The second problem is how to ensure the expression of vector genome. This can be achieved by the use of heterologous promoters to replace the 5' LTR. This genome is then introduced by transfection. However, we have found that transduction of genomes into packaging cells leads to significantly enhanced titres over transfection. It is thus desirable to introduce the EIAV vector genome by transduction. This presents a problem as high levels of transcription require the Tat protein which is not present in our minimal EIAV system. We have addressed this problem in two ways: by generating EIAV/MLV hybrid LTRs or by using the Cre/loxP site to recombine into a loxP site introduced by transduction.

**882. An Inducible First Generation Stable Packaging Cell Line for Equine Lentiviral Vectors**

John C. Olsen\*, Manij Patel\*, Jonathan B. Rohll†, Kyri A. Mitrophanous†, Soonsang Yoon†, Fraser J. Wilkes†, Susan M. Kingsman†, Alan J. Kingsman†, Karen M. Morse\*, Miriam M. Kelly\*, Larry G. Johnson\*

\**University of North Carolina, Chapel Hill*

†*Oxford BioMedica Ltd., Oxford UK*

The clinical use of lentiviral vectors will require the development of stable packaging cell lines that efficiently produce helper-free stocks of gene transfer vectors. To test the feasibility of generating stable packaging cells producing non-primate lentiviral vectors, we modified human 293 cells to produce vectors derived from equine infectious anemia virus (EIAV) and pseudotyped with the VSV-G envelope. A number of design features were incorporated into the packaging system to ensure the safety of vector production. Two separate agents, butyrate and doxycycline, were used to induce the expression of EIAV proteins (Gag-Pol, Rev) and the VSV-G envelope, respectively. Vector production was completely dependent upon the addition of both butyrate and doxycycline. Sequences encoding EIAV Tat and Env were deleted from the EIAV protein expression cassette. Also, the EIAV protein expression cassette was deleted of cis-acting sequences necessary for reverse transcription, integration, and encapsidation of viral RNA. The gene transfer vector was designed to minimize regions of sequence homology with the EIAV protein expression cassette. Stable lacZ vector producing cell lines were made that produce vectors as efficiently as produced by transient transfection (\> 10^5^ TU/ml). Moreover, no helper virus activity could be detected using a marker rescue assay. Vectors produced by stable packaging cells were able to transduce aphidicolin-arrested or serum-starved normal human fibroblasts with significantly higher efficiency than vectors derived from murine leukemia virus. In addition, concentrated EIAV vectors were able to transfer genes with high efficiency (\>30%) to the tracheal epithelium of mice, pre-treated to allow vector access to viral receptors on the basolateral membrane of epithelial cells lining the lumen. We conclude that it is feasible to generate packaging cell lines that stably produce non-primate-based lentiviral vectors. Such cell lines should be useful for evaluating the role of EIAV vectors as potential vehicles for therapeutic genes.

**883. Use of FIV Vectors to Measure Promoter Activity in Primary Cells**

Michael A. Curran\*, Garry P. Nolan†‡§

\**Stanford University Immunology Program*

†*Stanford University Dept. of Molecular Pharmacology*

‡*Stanford University Department of Microbiology & Immunology*

Our lab has developed a lentiviral vector system based on Feline Immunodeficiency Virus known as FELIX. Previously, we have demonstrated the ability of these vectors to stably and efficiently deliver genes to a variety of dividing and quiescient cells. Our current work has focussed on profiling the activity of five common constitutive promoters in a broad range of cultured and primary cells relevant to gene therapy. The FELIX vector backbone is ideal for these studies because of the very low enhancer/promoter activty of the FIV LTR in most cells, and because of the ability of FIV vectors to efficiently infect both cultured and primary cells. Interestingly, we have observed significant differences both in virus titre and in subsequent gene expression depending on the internal promoter used. Also, use of FIV as a backbone results in unusually low observed promoter activity in certain cell types such as 3T3s. In summary, data on relative activity of FIV vectors with internal CMV, EF1a, PGK, RSV, and TK promoters in 293, 3T3, Jurkat, hAoSMC quiescient, hAoSMC dividing, hDCs, and hCD34+ cells will be presented.

**884. An Advanced Self-inactivating Lentiviral Vector Based on SIVagm Carrying a Novel Dual Gene Expression System**

T. Nakajima\*, K. Nakamaru\*, Y. Yonemitsu§, E. Ido†, K. Terao‡, M. Hayami†, M. Hasegawa\*

\**DNAVEC Research Inc., Tsukuba, Ibaraki 305-0856, Japan.*

†*Research Center for Immunodeficiency Virus, Institute for Virus Research, Kyoto Univ., Sakyo-ku, Kyoto 606-8507, Japan.*

‡*Tsukuba Primate Center for Medical Science, The National Institute for Infectious Diseases, Tsukuba, Ibaraki 305-0843, Japan.*

§*Graduate School of Medical Sciences, Kyushu University, Higashi-ku, Fukuoka 812-8582, JAPAN.*

Replication-defective lentivirus vectors have been recently developed and shown to be highly efficient for *in vivo* gene delivery and stable long-term expression of the transgene in several target tissues. These characteristics suggest that lentivirus vectors could play a major role in the arena of gene therapy. At the present time, most lentivirus-based vectors have been derived from human immunodeficiency viruses (HIVs). However, safety concerns would limit the use of HIV-1 vector system in gene therapy clinical trials, since the determinants of the severe pathogenicity of HIV-1 in humans remain. Therefore, HIV-1 vectors have now been engineered to reduce the risks for recombination, and several nonprimate lentiviruses, including FIV and EIAV, have recently been proposed as potentially safer vector sources. We have developed a novel lentiviral vector system based on the molecular clone of SIVagm strain (SIVagm TYO-1), which has been demonstrated to be nonpathogenic both in natural hosts and experimentally virus inoculated animals. To prevent mobilization by replication-competent virus, we also constructed self-inactivating (SIN) vectors. Ninety-two percent of viral enhancer and promoter sequences in the long terminal repeat (LTR) were deleted without losing the ability to transfer and express a transgene in target cells. When pseudotyped with VSV-G protein, the SIVagm-based vectors and SIVagm based SIN vectors could efficiently transduce dividing or growth arrested human cell lines, differentiated human neuronal cell lines and terminally differentiated rat primary neuronal cells. When injected into the sub-retinal space of adult mouse eyes, sustained long-term (more than three months) expression of a transgene was obtained in the absence of detectable pathology. To realize the simultaneous expression of two genes, we have developed SIVagm-based vectors carrying a novel dual gene expression system using a Rev responsive element (RRE). The posttranscriptional trans activator Rev and a *cis*-acting elements, Rev responsive element (RRE) are involved in the efficient transport of the incompletely spliced mRNA from nucleus to the cytoplasm. We utilized various lengths of RRE sequences to control the balance of spliced and unspliced vector RNAs. Using these vectors, two reporter genes were expressed simultaneously at equal levels, and expression levels of both genes could be altered by modifying the length of the RRE sequence. Thus, modification of the RRE sequence permitted the simultaneous and a desired balance of expression of two transgenes. The self-inactivating lentivirus vectors derived from nonpathogenic SIV could increase the safety of lentiviral vector-mediated gene therapy and a novel dual gene expression system using a Rev responsive element (RRE) might increase the utility of viral or non-viral vectors in gene therapy.

**885. Development of Simian Immunodeficiency Virus-derived Lentiviral Vector Systems**

Snehal Pandya, Vicente Planelles

*Departments of Medicine and Microbiology & Immunology, University of Rochester Cancer Center, Rochester, NY*

Lentiviral vectors are attractive candidates for gene therapy due to their ability to integrate into non-dividing cells. Conventional HIV-1 based vectors can be produced at high titers, but concerns regarding their safety for human use exist due to the possibility of recombination leading to production of infectious virions with pathogenic potential.

We recently described a novel HIV-SIV hybrid vector (HIV/SIVpack/G) in which an HIV-1 derived transfer genome is encapsidated by SIVmac core particles and pseudotyped with VSV glycoprotein G. In an effort to further optimize this vector system, we studied the role of SIV accessory genes and the effect of their deletion on vector production and infectivity. Specifically, versions of the packaging vector (Delta-SIVpack) lacking vif, vpr, vpx and/or nef were constructed. Our results indicate that, as with HIV-1-based vectors, deletion of accessory genes has no significant effect on vector production and infectivity of dividing cells. Ongoing experiments are aimed at studying the role of SIV accessory genes on vector function in non-dividing and quiescent cells. The Delta-SIVpack vectors represent minimal vectors and, therefore, have a strong potential for safe application in gene therapy.

The usefulness of an HIV-1-based vector for delivery of anti-HIV-1 strategies would be limited by the inhibitory effect of the vector upon itself. Vectors based on SIVmac would overcome such a limitation because it is unlikely that certain anti-HIV-1 reagents will inhibit SIV-based vectors. We have, therefore, constructed an SIV-based lentivirus vector in which the packaging and transfer vectors are derived from a non-virulent SIVmac. The transfer vector plasmid contains the SIV long terminal repeats (LTR) flanking the green florescent protein (GFP) reporter gene under the control of an internal CMV promoter. The packaging construct is the same as described above (Delta-SIVpack). The SIV-based vector described here recapitulates the biological properties of HIV-1-derived systems while providing a safer therapeutic alternative.

**886. Development of a Novel Plasmoviral Vector**

G. Daly, Y. Chernajovsky

*Bone and Joint Research Unit, St.Bartholomew\'s and Royal London School of Medicine and Dentistry and Queen Mary and Westfield College, London university, London, UK*

Defective recombinant retroviruses allow for efficient gene transfer into a broad range of mammalian cells using helper-free viral stocks generated by the use of retroviral vectors and packaging cell lines. However, despite the use of retroviral gene transfer in the majority of gene therapy trials to date, there remain certain limitations including the generation of replication competent virus by recombination and inactivation of the viral particles by the complement system. A novel plasmoviral construct was reported (1) in which the env viral gene is placed outside the viral long terminal repeats (LTR\'s) under an independent promoter but on the same plasmid, thus the locally transfected cell becomes the local packaging cell. This construct has severe packaging size restriction in addition to a significant region of 53% homology between the env and the pol viral genes which could give rise to homologous recombination and lead to the production of replication competent virus (RCV). In an effort to address these problems we propose a strategy for a novel plasmoviral vector which differs significantly from previous plasmoviral/non-viral vector systems reported. In our system, the gag/pol gene of the Molony Murine Leukemia Virus (MoMLV) has been placed under a minimal CMV promoter. The amphotropic envelope gene (env) is also expressed from the same CMV promoter via a ribosomal entry site (IRES) from the encephalomyocarditis virus (EMCV). The retroviral vector components have been generated using PCR to eliminate homology between the vector and the packaging genes. Consequently, we have included the virus-like 30 retroelement from the Harvey Murine Sarcoma Virus (HaMSV) that has been shown to function as both an efficient packaging element and an IRES from a central position (2). This strategy was necessary due to the elimination of the secondary packaging/RNA export element, which is situated in the gag gene of the wild type MoMLV (3,4). We have included a second polyA signal from the Bovine Growth Hormone Gene (BGHpolyA) immediately downstream of the 3' viral LTR in order to terminate inappropriate read-through of the RNA polymerase through the 'weak' viral polyadenylation signal. Furthermore, we have observed that expression levels can be increased over ten times using this system without affecting reverse transcription and integration. This is probably due to increased RNA stability which has the potential not only to increase viral titer from a given packaging cell line but to more effectively terminate the synthesis of the viral RNA molecules thus reducing undesirable read-through which could cause promoter interference and possibly produce intermediates for recombination; giving rise to RCV\'s. The separate components and characteristics of this novel construct have been tested independently prior to final assembly which will ultimately allow the expression of two genes in-vitro and in-vivo in a manner that solves the stated problems.

1\) Noguiez-Hellin, P.; Proc Natl Acad Sci USA, 93 4175-4180, 1996.

2\) Torrent, C.; Hum Gen Ther, 7 603-612, 1996.

3\) Bender, M.A.; J Virol, 61 1639-1646, 1987.

4\) King, J.A.; FEBS Lett, 434 367-371, 1998.

**887. Enhancement of Semliki Forest Virus Self-Replicating RNA Vaccine Potency by Targeting Antigen to Endosomal/Lysosomal Compartment**

Tian-Li Wang, Leigh Slater, Yanqin Yang, Chien-Fu Hung, Keng-Fu Hsu, Richard Roden, Robert Kurman, T.-C. Wu

*The Johns Hopkins Medical Institutions*

Background: Self-replicating RNA vaccines (RNA replicons) have emerged as an important strategy for cancer immunotherapy. Self-replication allows for expression of the antigen of interest at high levels for an extended period of time, optimizing vaccine potency. Furthermore, RNA replicons do not integrate into host chromosomes, eliminating the concern for oncogenicity associated with a DNA vaccine. Design: We evaluated the effect of targeting human papillomavirus type 16 (HPV-16) E7 to the endosomal/lysosomal compartment on the potency of E7-specific immune responses, using Semliki Forest virus self-replicating RNA (SFV-1) as a vector. Three different constructs that target E7 antigen to different cellular localizations were generated: (1) E7, a cytosolic/nuclear protein; (2) SigE7, a secretory protein; (3) Sig/E7/LAMP-1, in which we linked the transmembrane and cytoplasmic regions of the lysosome-associated membrane protein 1 (LAMP-1) to E7 protein to target E7 to the endosomal/lysosomal compartment. In vitro transcribed RNA was injected intramuscularly into C57BL/6 mice. The mice were subsequently challenged with a syngeneic E7-expressing murine tumor cell line (TC-1) subcutaneously. E7-specific cellular and humoral immune responses were assessed using ELISPOT and ELISA assays. Results: In both tumor prevention and tumor regression experiments, Sig/E7/LAMP-1 RNA immunization generated the most potent antitumor effects. SigE7 RNA immunization elicited an intermediate potency. In contrast, E7 RNA immunization failed to induce any tumor protection. Furthermore, we demonstrated that mice vaccinated with Sig/E7/LAMP-1 RNA generated higher E7-specific antibody titers than SigE7 or E7 RNA immunization. In addition, mice vaccinated with Sig/E7/LAMP-1 RNA replicons had the highest E7-specific CTL activity. In vivo antibody depletion experiments revealed that CD8+ T cells but not CD4+ T cells were essential for the anti-tumor effects generated by Sig/E7/LAMP-1 RNA vaccination. Conclusion: Our results indicate that endosomal/lysosomal targeting of antigen can dramatically enhance the potency of self-replicating RNA vaccines.

**888. Semliki Forest Virus Vectors in Neurobiology and Gene Therapy**

Christophe Schweitzer, Kenneth Lundstrom

*F. Hoffmann-La Roche, Research Laboratories, Basel Switzerland*

Semliki Forest virus (SFV) is an enveloped single-stranded RNA virus belonging to the family of alphaviruses. Replication-deficient SFV expression vectors have been developed for both in vitro and in vivo applications. High-titer SFV particles infect a broad host range of mammalian cell lines and primary cell cultures. The extensive cytoplasmic RNA replication results in high-level transgene expression. We have earlier demonstrated high local reporter gene expression in rat striatum and amygdala. The SFV-LacZ injected rats showed no behavioral differences (feeding, body weight, body temperature, exploratory activity, sensorimotor function). Maximal beta-galactosidase expression was observed at 1-2 days post-injection and decreased thereafter with time. The SFV-mediated transgene expression in vivo was highly neuron-specific. Similar results were obtained from SFV-mediated GFP expression in cultured rat hippocampal slices. The SFV-infected neurons remained healthy for extended time periods. In contrast, SFV-mediated beta-galactosidase expression in human prostate tumor cell lines and prostatic duct epithelial cells ex vivo resulted in a remarkable apoptosis and killing of the tumor cells. SFV-mediated cancer gene therapy may therefore be potentially attractive. Studies on the effect of cytokine expression from SFV vectors on tumor regression in mouse tumor models are in progress. To prolong the duration of expression and the survival of the SFV-infected host cells. we have recently modified the SFV vector by site-directed mutagenesis. This resulted in a non-cytopathogenic phenotype in several mammalian cell lines and primary rat hippocampal neurons. We are now aiming at targeting the SFV vectors to be able to achieve cell/tissue specific gene delivery. SFV vectors themselves, packaged with the second-generation vector pSFV-Helper2 (mutations in the E2-E3 cleavage region) are conditionally infectious and require alpha-chymotrypsin treatment to restore infectivity. Spontaneous activation occurs at a frequency of one per 10e5 particles. Already a 10e5-fold reduction of normal host cell infectivity can therefore be achieved by leaving the E2-E3 region intact and using non-activated virus. Introduction of IgG-binding domains of protein A into the E2 and E1 membrane proteins of SFV should result in chimeric SFV particles capable of binding to host cells through the protein A domains. Chimeric SFV-E1protA and SFV-E2protA constructs were tested for their virus production capacity and alternations in host range. The capability of these novel SFV vectors to infect host cells treated with monoclonal antibodies reacting with cell-surface antigens will be discussed.

**889. Pseudotyped Sendai Virus Vectors with Vesicular Stomatitis Virus G Glycoprotein: Altered Gene Transfer and Hemagglutination**

F Tokito\*, A lida\*, Y Nagai†, Mamoru Hasegawa\*

\**DNAVEC Research Inc.,1-25-11 kannondai, Tsukuba, Ibaraki 305-0856, Japan.*

†*Institute of Medical Sciences, The University of Tokyo, Tokyo 108-8639, Japan.*

Sendai virus (SeV) is a murine parainfluenza virus of, *Paramyxoviridae* family with a nonsegmented negative strand RNA genome. We have recently developed a SeV vector capable of self-replication but incapable of transmissible virion production. The vector showed highly efficient delivery and expression of foreign genes in mammalian cells, which indicates its potential utility as a tool for gene therapy. SeV contains the membrane-associated glycoproteins F and HN, which are involved in the penetration of virus into cells and cell attachment, respectively. The HN protein exerts hemmaglutination when the virus is mixed with red blood cells. We present here that the envelope proteins F and \[F+HN\] of SeV can be replaced by the G glycoprotein of vesicular stomatitis virus (VSV-G). The VSV-G pseudotyped SeV vector showed an improved ability to transfer foreign genes into mammalian cells and diminished hemagglutination. First, we constructed a packaging LLC-MK2 cell line that inducibly express VSV-G protein by the Cre-loxP system. The direct virus reconstitution in the cell was unsuccessful, though pseudotyped SeV has been obtained by introducing F or \[F+HN\] defective SeV into the packaging cell line. By pseudotyping, the vectors have gained an advantage of giving higher concentration by ultracentrifugation that leads to the high titer virus production. In order to characterize the pseudotyped vector, the culture medium of vector infected cells was fractionated by sucrose density gradient ultracentrifugation. The SeV proteins and VSV-G were detected in the same bands of the centrifugation. Each of the isolated pseudotyped vectors from F defective SeV genome and \[F+ HN\] defective SeV showed their characteristic composition of envelope proteins. The infection of the vectors was specifically blocked by anti-VSV antibody, and no hemagglutination was observed in the case of \[F+ HN\] defective type. We examined the infecting ability of these pseudotyped vectors for several human cell lines derived from tumor cells or T-cell by taking advantage of flow cytometry. The genuine SeV vectors have a higher efficiency of infection into those cells than other vectors previously investigated. Though F gene has been deleted, these pseudotyped vectors maintained high ability of gene transfer. It should be noted that the pseudotyped vectors are much more efficient in infecting T-cell line Jurkat. Therefore, these pseudotyped SeV vectors as well as SeV vectors carrying envelopes of different characters may be useful for the application to human therapy of various fields including gene therapy.

**890. Cytoplasmic RNA Vector Equipped with a Unique Control System for Gene Expression**

Tsuyoshi Tokusumi\*, A Iida\*, Atsushi Kato†, Y Nagai†, Mamoru Hasegawa\*

\**DNAVEC Research Inc., 1-25-11 Kannondai, Tsukuba, Ibaraki 305-0856, Japan.*

†*Institute of Medical Sciences, Univ. of Tokyo, 4-6-1 Shirokanedai, Minato-ku, Tokyo 108-8639, Japan.*

The Sendai virus (SeV) is an enveloped virus with a nonsegmented negative strand RNA genome and belongs to a family of *Paramyxoviridae.* The reverse genetics technology enabled construction of genetically engineered viruses that carry additional foreign genes, and opened the way for the development of a series of vectors for gene therapy. The vectors constructed to date have shown their high efficiency of gene transfer and expression *in vitro* as well as *in vivo* indicating possible high value for their use in human therapy. This study has performed to elevate the value of the vectors by putting to them a system to control the foreign gene expression. Cytoplasmic RNA vector demanded us to develop quite an unique system comparing with existing nuclear vectors. The expression level of foreign gene in the nuclear vector is controlled by promoter and/or enhancer system and apparently no such systems are available for cytoplasmic vectors. To construct a system of gene expression for SeV vectors, we focused our attention on the characteristic mechanism of viral gene expression of paramyxovirus. It has been revealed that the viral gene expression is controlled by two ways in paramyxovirus. One is "gene start signal" which is recognized by the viral RNA polymerase. Kato *et al.* showed that there are signals of different types in SeV genome and are not equivalent in transcriptional reinitiation capacity. So, it seemed to be possible to control foreign gene expression by modifying these start signals. The other is the polar attenuation, i.e., the expression of viral genes of paramyxovirus is controlled by the position from the single transcriptional promoter at 3' end. In this study, we examined whether the level of foreign gene expression can be controlled by such polar effect. *Not* I restriction sites were first introduced to the SeV vector in the five intervening sequence between each of the viral genes. Human secreted alkaline phosphatase (SEAP) gene was used as a reporter gene and was introduced to these *Not* I sites being sandwiched with the start signal and the end signal of SeV. After the vectors were introduced to LLC-MK2 cells, the supernatant of 24 hr culture was recovered to measure SEAP activity by chemiluminescence. As we have expected, the expression level of the gene lowered stepwise realizing ten times difference as its position was set in the downstream to 5' end. This indicates the possibility for the SeV vectors to match the level of therapeutic gene expression to individual therapy by changing their insertion position. In summary, the foreign gene expression can be controlled at various levels with the newly designed SeV vectors here and thus the vectors would be useful when applied for therapeutic use.

**891. Enhancement of Sindbis Virus Self-replicating RNA Vaccine Potency by Linkage of Antigen Gene to a *Mycobacterium* Tuberculosis Heat Shock Protein 70 Gene**

Chien-Fu Hung\*, Wen-Fang Cheng\*, Chee-Yin Chai\*, Keng-Fu Hsu\*, Liangmei He\*, Morris Ling\*, Charles M. Rice†, T.-C. Wu\*

\**The Johns Hopkins Medical Institutions, Baltimore, Maryland 21287, USA*

†*Washington University School of Medicine, St. Louis, Missouri, USA*

Recently, self-replicating RNA vaccines (RNA replicons) have emerged as an important strategy to enhance the potency of nucleic acid vaccines. Self-replication allows for expression of the antigen of interest at high levels for an extended period of time, optimizing vaccine potency. Furthermore, RNA replicons do not integrate into host chromosomes, eliminating the concern for oncogenicity associated with a DNA vaccine. Using human papillomavirus type 16 (HPV-16) E7 as a model antigen, we evaluated the effect of linkage to Mycobacterium tuberculosis heat shock protein 70 (HSP70) on the potency of antigen-specific immunity generated by a Sindbis virus self-replicating RNA vector, SINrep 5. We found that the RNA replicon vaccine containing E7-HSP70 fusion genes generated significantly higher E7-specific T cell-mediated immune responses relative to vaccines containing the wild type E7 gene. Furthermore, bone marrow-derived dendritic cells pulsed with E7-HSP70 fusion protein are capable of presenting E7 antigen through the MHC class I pathway in a more efficient manner than dendritic cells pulsed with wild-type E7 protein. More importantly, this fusion converted a less effective vaccine into one with significant potency against established E7-expressing metastatic tumors. These results indicate that fusion of HSP70 to an antigen gene may greatly enhance the potency of self-replicating RNA vaccines.

**892. Human Coronavirus (HCoV) 229E Infects Polarized Airway Epithelia from the Apical Surface**

Guoshun Wang\*, Patrick D Staber†, Camille Deering\*, Mike Macke\*, Dianna Blau‡, Kathryn Holmes‡, Beverly L. Davidson†, Stanley Perlman\*, Paul McCray, Jr.\*

\**Dept of Pediatrics, University of Iowa College of Medicine, Iowa City, Iowa*

†*Dept of Internal Medicine, University of Iowa College of Medicine, Iowa City, Iowa*

‡*Dept of Microbiology, University of Colorado Health Science Center, Denver, Colorado*

Gene transfer to differentiated airway epithelia with existing viral vectors is very inefficient when they are applied to the apical surface. This largely reflects the polarized distribution of the receptors for many viruses to the basolateral surface. To identify new receptor-ligand interactions that might be used to re-direct vectors to the apical surface, we investigated the process of infection of airway epithelial cells by HCoV-229E, a common cause of respiratory tract infections. The spike (S) protein of HCoV-229E is the envelope glycoprotein responsible for binding and fusion of the virus with host cell membranes. We localized the receptor for HCoV-229E (CD13 or aminopeptidase N) using immunohistochemistry. CD13 was most abundant on the apical surface of human airway epithelia. The polarity of infection with HCoV-229E was assessed by applying the virus to either surface and then immunostaining cells for coronavirus proteins. When virus was applied to the apical or basolateral surface of well-differentiated primary cultures of human airway epithelia, infection primarily occurred from the apical side. Similar results were noted when the virus was applied to cultured human tracheal explants. Newly synthesized virions were released mainly to the apical side. Thus, HCoV-229E preferentially infects human airway epithelia from the apical surface. Based on these results, we concluded that the S protein is a candidate for pseudotyping retroviral envelopes.

**893. An Adenovirus-Lentivirus Hybrid Vector for Single-step Conversion of Cells to Lentivirus Producer Cells**

A Bogush, V Krougliak, SLC Woo, RC Eisensmith

*Institute for Gene Therapy and Molecular Medicine, Mount Sinai School of Medicine, New York NY 10029.*

We are in the process of developing and characterizing adenovirus-lentivirus (Ad/lenti) hybrid vectors for possible use as somatic gene transfer agents. The most well-developed type of Ad/lenti hybrid vector consists of a "gutless" adenovirus backbone into which has been inserted all of the genetic elements required to produce fully-functional Feline Immunodeficiency Virus (FIV) vector particles following the entry of the hybrid vector into a target cell. FIV was chosen as the progenitor of the lentivirus portion of hybrid vector because this virus is not a known human pathogen and is a much less likely substrate for HIV recombination. The FIV vector system (FELIX), kindly provided by Garry Nolan, consists of three plasmids. One plasmid expresses the FIV gag-pol genes, a second expresses the VSVG envelope, and a third expresses an FIV transfer vector comprised of the FIV LTRs and packaging signal flanking a lacZ expression cassette. To construct the Ad/lenti hybrid vector, all three of these expression cassettes were subcloned into an adenovirus backbone that contains two adenoviral inverted terminal repeats (ITRs), each with its own packaging signal. All adenoviral genes have been removed from this backbone, and an ECFP expression cassette has been added to assist in the tracking of the Ad/lenti hybrid vector during production, titration and primary transduction. After linearization of this vector by restriction endonuclease digestion, vector DNA may be transfected into eukaryotic cells and vector production will occur. In the absence of a helper adenovirus, only the FIV-based vector will be produced. In the presence of a helper adenovirus, both the hybrid vector and the FIV vector will be produced. To minimize the generation of FIV vector particles during the rescue and production of the Ad/lenti hybrid vector in 293 cells, some versions of the hybrid vector contain cassettes in which a liver-specific promoter drives the expression of the VSVG envelope. Following its construction, the Ad/lenti hybrid vector plasmid was transfected into 293T cells to confirm that it could produce infectious FIV vector particles. 293T cells co-transfected with the three parent plasmids served as a positive control. Roughly equivalent titers were observed in both cases (106 infectious particles per ml), confirming that the components of the FIV vector system were functional within the context of the adenovirus backbone. Following large-scale production of this Ad/lenti hybrid vector, which is in progress, the ability of this vector to convert target cells into lentivirus producer cells will be examined both in vitro and in vivo. The utility of this Ad/lenti vector as a means of producing large amounts of high titer FIV vectors will also be examined.

**894. Recombinant Measles Viruses Targeted to Glycoproteins Overexpressed in Cancerous Cells**

U Schneider\*, F Bullough†, A Murphy\*, R Plemper\*, S Vongpunsawad\*, J Zhang\*, K-W Peng\*, SJ Russell\*, R Cattaneo\*

\**Molecular Medicine Program, Mayo Foundation, Rochester, MN USA*

†*Cambridge Genetics, Cambridgeshire, UK*

The possibility of producing viruses selectively entering a cell through a targeted receptor has generated much interest because of potential applications for the elimination of cancerous cells. We sought proof of principle that one of the safest human virus vaccines, measles virus Edmonston B (MV-Edm), can be re-targeted. The MV cell attachment and fusion functions are distributed on two proteins, rather than concentrated in one as in retroviruses, allowing modification of the attachment molecule (hemagglutinin, H) without altering the protein executing membrane fusion. Specificity domains could be added to the extracellular (carboxyl) terminus of the MV-Edm H protein without compromising fusion-help function. Thus the standard H protein gene was replaced by one coding for a hybrid protein in cDNA copies of the negative strand RNA viral genome. Indeed recombinant viruses were rescued, which replicated to titers approaching those of the parental strain in primate cells expressing the MV-Edm receptor, the ubiquitous regulator of complement activation CD46.

Most importantly, these viruses acquired the capacity of entering non-primate cells expressing the cognate protein of the displayed specificity domain. MV displaying the insulin-like growth factor-1, or the epidermal growth factor, entered rodent cells expressing the cognate receptor, but only the latter virus caused extensive syncytia formation. Taking advantage of a factor Xa protease recognition site engineered in the hybrid H proteins, the displayed domain was cleaved off from virus particles, and specific entry in rodent cells was abrogated. It is noteworthy that the specificity domain interfered with post-entry steps in cells expressing high levels of the cognate tyrosine kinase receptor, rendering virus assembly and release inefficient. These studies prove that replicating viruses entering specific cells through targeted receptors can be produced and provide insights into the mechanism of virus entry. Recombinant MV-Edm displaying single chain antibodies directed against carcinoembryonic antigen (CEA) or other glycoproteins overexpressed at the surface of cancerous cells, have been produced, and their cell entry specificity is being tested.

**895. Specific Inhibition of Retroviral Attachment and Transduction by Soluble Glycosaminoglycans**

S. J. Walker\*, M. Pizzato†, Y. Takeuchi†, S. Devereux\*

\**Dept of Haematological Medicine, Kings College Hospital London, Denmark Hill, LONDON SE5 9RS. UK*

†*Wohl Virion Centre, Windeyer Building, University College London UK*

The cellular entry of murine leukaemia virus (MLV) based retroviral vectors is mediated by an interaction between the viral envelope protein and a specific cell surface receptor. Whilst envelope/receptor binding is essential for membrane fusion and transduction, recent studies using an immunofluorescent technique capable of visualising single virions have shown that initial attachment occurs in the absence of viral envelope protein. Since cell surface proteoglycans are involved in the attachment of a number of other viruses, we examined their role in the attachment of MLV. Soluble heparin potently inhibited the transduction of NIH3T3 fibroblasts, HeLa cells and CHO cells transfected with the amphotropic retroviral receptor PiT2 (CHO-PiT2) by an amphotropic MLV vector carrying a LacZ reporter gene. Inhibition was observed within 5 minutes of exposure to vector suggesting an effect on virus entry. To determine whether inhibition was due to an effect on the virus or on the target cell, we titrated an amphotropic retroviral supernatant on NIH3T3 cells pre-treated with heparin or diluent control. No difference in titer was found suggesting that heparin inhibits transduction through an interaction with the virus not the cell. Confocal immunofluorescent microscopy demonstrated that heparin inhibits the attachment of both enveloped and non-enveloped retrovirus to NIH3T3 cells, wild type CHO cells, which lack functional PiT2, and CHO-PiT2 cells. The dose response for this effect was similar to that for heparin mediated inhibition of transduction suggesting that the effect on transduction is due to inhibition of attachment. We then assayed virus binding to heparin more directly using heparin-agarose beads to capture viral particles and western blotting using an anti-capsid antibody. Both enveloped and non-enveloped virus bound efficiently to heparin-agarose but not heparin-collagen beads and the effect was inhibited by excess soluble heparin. Whilst it might be argued that the interactions described here are due to non specific electrostatic forces, several lines of evidence suggest that this is not the case. Firstly, the 50% effective concentration for heparin transduction inhibition was 0.01u/ml giving a Kd is in the micromolar range, similar to that for other specific heparin binding proteins. In addition, soluble glycosaminoglycans (GAGs) with a similar charge to heparin but a different carbohydrate backbone have a much reduced or absent effect on transduction. Taken together these results suggest that the initial phase of retroviral attachment involves a specific interaction between the cell surface and a viral ligand which is distinct from the envelope protein and is recognised by GAGs, like heparin.

[^1]: Percentage LacZ expressing cells.
